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1. Status and innovation in the building industry

While the building industry plays a fundamental role in societies’ standard of living and economy,

it currently also has a significant environmental impact. This impact consists of both energy and
material consumption, leading to high greenhouse gas emissions and waste streams. In 2020,
the sector produced 11.7 Gt energy-related CO2 emissions, which corresponds to 37% of global
energy-related CO2 emissions of that year. This 37% is divided into 27% occurring in the use
phase, and 10% in the manufacturing and building phase (United Nations Environmental
Programme, 2021). At the same time, the industry’s material demand is at a high level and
growing rapidly: tripling from 6.7 billion tons in 2000, it reached 17.5 billion tons in 2017, despite
demand for building materials stabilizing in Europe and North America (Huang et al.,, 2020).
Correspondingly, the waste streams of the industry amount to a large proportion of overall solid
waste. In the European Union (EU), construction and demolition waste (CDW) accounts for
approximately 60% of total solid waste (Robinson et al., 2021). This percentage is even higher in
Switzerland: with 74 million tons per year, CDW accounts for 84% of solid waste in the country
(FOEN, n.d.). Aggregates represent the most used building material in the EU in terms of volume
(see Fig. 1), but other materials are more intense in terms of greenhouse gas (GHG) emissions,
such as cement and steel (see Fig. 2) (Robinson et al., 2021). Other environmental impacts, such
as on biodiversity, water and air quality, are oftentimes more difficult to quantify yet equally
important. Insulation materials, for instance, were treated with toxic flame retardants until a few
years ago, which will have environmental impacts upon their disposal and eliminates the
possibility of recycling. Heerlen & Hellweg (2018) expect insulation materials to be the material
with the highest environmental impact by 2035 in Switzerland, as their use is expected to
increase in the following years, due to a decline in new constructions and increase in renovation.

The size of impact of the building industry indicates that a significant change is necessary to
reduce material and energy consumption in order to reduce GHG emissions and other
environmental impacts. In this context, and especially considering the large material footprint of
the building industry, the “take-make-waste” approach of the currently dominating linear
economy has been criticized. Instead, the shift towards a circular economy (CE) has been
advocated (Benachio et al., 2020). The Ellen MacArthur Foundation (2021) defines the concept
of circular economy as: “Looking beyond the [...] current extractive industrial model, the circular
economy is restorative and regenerative by design. Relying on system-wide innovation, it aims
to redefine products and services to design waste out while minimizing negative impacts.”
Political ambitions both on international and national levels underline the necessary of a
transformational shift. The EU Circular Economy Action Plan includes initiatives along the entire
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life cycle of buildings from increasing the use of excavated soil to adaptability of buildings and

material recovery targets. Switzerland initiated the parliamentary initiative 20.433
“Strengthening the Swiss circular economy” and the city of Zurich included the circular economy
inits constitutionin 2022.
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Figure 1. EU28 construction materials volumes 2020 and 2030 (Mn tonnes). Source: Robinson et al.
(2021).
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Figure 2. EU28 construction materials GHG emissions 2020 and 2030 (Mn tonnes). Source: Robinson
etal. (2021).




While the importance of shifting to a circular and sustainable construction industry has been
widely accepted by actors in academia, policy, and industry alike, implementation appears to be
lagging. This has been linked to a range of organizational, economic, technological, and political
barriers, such as a lack of economic incentives, and the difficulty in navigating legislation on
construction products (e.g., Mahpour, 2018; Marchuk, 2020; Nordby, 2019; Selman & Gade,
2020). In this context, it is also important to consider the characteristics of the construction
industry, differentiating it from other industries, which includes its size, fragmentation,
competitiveness, and a slow rate of innovation. Globally, the construction sector contributed
13% of the global Gross Domestic Product (GDP) in2020, and is expected to reach 13.5% in 2030
(Robinson et al., 2021). In Switzerland, the construction industry accounts for about 15% of GDP,
and employs around 333 000 people (PwC, 2020). It consists of around 50 000 companies,
whereby a large share are micro-enterprises with less than ten employees and companies are
usually highly specialized and carry out only part of the construction project. This leads to the
fragmentation of the construction supply chain (Wollny & Bundesamt fir Statistik BFS, 2022).
Despite of the size of the sector in the Swiss economy, it is a very competitive industry, as the
offer for construction products tends to be larger than the demand. This is combined with a low
level of innovation, which is also aggravated by the lack of financial margins and supply chain
fragmentation. This slow uptake of innovation leads to little differentiation based on products
and processes, which in turn creates fierce competition based on prices and small cost margins
(PwC, 2020).

In this context, innovations in the fields of sustainability, digitization and technology are
perceived as crucial opportunities for differentiation (PwC, 2020)—three topics that are closely
linked to CE, but that have been difficult to adopt by the construction industry (e.g., Bock, 2015;
Kivimaa & Martiskainen, 2018; Li et al., 2019; Regona et al., 2022). This shows that innovation
related to CE is not only necessary from an environmental perspective but offers great potential
to industry actors. Further, there is a need to support and drive its adoption by bridging the gap
between research, public sector and industry, and facilitation open innovation and the creation
of radical ideas between various actors.
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2. Circular strategies in construction

There are different intersecting approaches for clustering and the hierarchization of circular

strategies. In business model and design strategies, the terminology of slowing, closing and
narrowing resource flows are used (Bocken et al., 2016). “Narrowed flows” encapsulate resource
efficiency with the decreased use of resources, “slowing” captures the prolonged use of
products, while “closing the loop” facilitates the cycling of resources after their service (see
Figure 3). These strategies can also be combined, as illustrated in Figure 3 below. Going into
more detail, Potting et al. (2017) established a hierarchy of available circular strategies, known as
R-strategies for reduced resource consumption. This hierarchy provides a framework (see Table
1) to guide priorities of resource management options. The scale advocates options for
increased resource preservation and spans from reduce’ at the top to ‘recycle’ at the lower end
of the order. Researchers mainly refer to the circular strategies as R-strategies (Nasr et al., 2018)
or value retention processes (Haupt & Hellweg, 2019). These circular strategies facilitate the
adherence to cradle-to-cradle thinking, which is the design of materials and products in a way
that at the end of their life, they can be reintroduced into a new product. Hence, the goal is to

phase out waste and keep resources in a cycle. Transferring the hierarchy of R-strategies to the
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Figure 3. Visualization of closing, slowing, and narrowing the loops. Based on Bocken et al., (2016).




construction industry derives examples of circular construction practices. These strategies can
be applied on their own or in combination, on different levels of application in construction
projects (material, component and building) and are at different four readiness levels

(theoretical, experimental and consolidated) (Eberhardt et al., 2022).

Smarter product use and manufacture (“narrowing resource flows”)

In order to reduce the demand for building materials, the following CE strategies focus on using
resources in the most efficient way. As such, the aim is to fulfill the same functions while
reducing materials used, by rethinking how buildings are used, and cut down unnecessary use of

materials.

Refuse: As refuse strategies would refer to abandoning the function of a construction (i.e.,
fulfilling space demands) altogether or fulfilling it with a completely different product, refuse
strategies are hardly found in the building industry since their function is essential and there is

no replacement product.

Rethink: Use of buildings can be rendered more intensive through sufficiency strategies (i.e.,
smaller dwelling sizes), and shared spaces, such as shared dwellings, but also shared office or
study spaces. Multi-purpose or adaptable buildings allow for a more intensive as they can fulfill
more types of functions, either for one or multiple users, such as multi-purpose neighborhood
centers or home offices. These rethink strategies would ultimately lead to a reduced floor area
per capita, which in turn reduces material and energy demand The current trend of increasing
floor area per capita, however, indicates that these strategies are not widely adapted (Hertwich
etal., 2020).

Reduce: Resource use per product unit can be reduced through lightweight design, substitution
with less environmentally harmful materials, substitution with renewable energy, and
optimization of the logistics network. Lightweight design is often possible without
compromising on functionality and safety, reducing the demands for steel and concrete for
instance (Milford et al., 2013; Moynihan & Allwood, 2014). However, their wide adoption is not yet
clear. Substitution with materials with a lower lifecycle impact have gained increased interest in
academia and practice over recent years. Materials in the focus are, for instance, wood replacing
steel and concrete (Heeren et al., 2015; Sandin et al., 2014), alternative materials to aggregates
or cement in concrete (Choudhary et al.,, 2020; Pranav et al., 2020; Singh & Middendorf, 2020),

alternative insulation materials (Bumanis et al., 2020; Crini et al., 2020). The use of wood has
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become increasingly popular in Switzerland since 2010, as indicated by a demand increase of
20%. Nonetheless, its use on proportion to concrete and steel remains small (Schweizerischer
Baumeisterverband SBY, 2021).

Extend lifespan of product and its parts (“slowing resource flows”)

The actual lifespan of buildings is usually much shorter than their potential lifespan. This is often
due to changing needs of their users rather than physical deterioration, or different degrees of
durability between building components, meaning that some could last for 75 years, while others
need replacing after 20 years. Combined with the fact that buildings are constructed in such
way that makes it difficult or even impossible to replace or repair only specific parts, this often
leads to demolition of the whole building long before the most of it has reached the end of its
lifespan (Debacker & Manshoven, 2016). The following CE strategies aim to prevent this and

keep buildings and building components in use for a longer time.

Reuse: When a building does not fit the needs of its users anymore, instead of demolition, it can
be continued to be in use by a different user with different needs. On a component level, certain
building 6 products can be reused in their original form in a different building, for instance bricks,
window frames or structural elements. However, it is difficult to recuperate building elements, as
buildings are not designed and built in a way that allows for deconstruction rather than
demolition, which renders it rather costly. Lack of knowledge of available parts within building
and lack of certainty regarding the quality of reuse elements are further challenges (Condotta &
Zatta, 2021; Nordby, 2019).

Repair: Smaller repairs and maintenance in the context of buildings are quite common, such as
issues related to heating, ventilation, electricity or plumbing. Larger building repairs of physical

deterioration, for instance due to seismic or weather events, soil subsidence, are also possible.

Refurbish: Renovation of buildings by replacing or rebuilding certain parts has been receiving a
lot of attention among policymakers. This is not only because renovation prolongs the functional
lifespan of buildings, but also because it holds great potential regarding improvements in the
energy efficiency of buildings in their use phase. Nonetheless, the renovation rate in the EU
remains quite low, at around 1 to 2% of building stock per year (Artola et al., 2016). Common
renovation measures concern the building envelope (e.g., wall insulation, roof insulation,
windows) and the building service systems (e.g., heating, ventilation, water, energy) (Fawcett &
Killip, 2014).
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Remanufacture: In the context of construction practices, no clear distinction was found

between remanufacturing building components and the reuse of these components.

Repurpose: Construction elements can also be reused for a different purpose from their original
one. So far, however, this has been rather limited to singular proof-of-concept projects, which
demonstrate the feasibility, the application of technology to facilitate repurposing, design
considerations, and barriers that need to be overcome to scale the repurposing of construction
elements. An example of these projects is the wooden dome built by the Circular Engineering for
Architecture lab at ETH Zurich, which was built from repurposed wooden floor beams (Kinzler,
2022).

Useful application of materials (“closing the resource flows”)
The final two CE strategies presented below aim to recover as much value from materials at the
end of the lifecycle of products, either in the form of recycled materials or energy recovery from

waste incineration.

Recycling: The recycling rate and the potential for increasing it depend on the respective
building material: metals such as steel, aluminum and zinc are almost always recycled if
technically possible. Concrete, as one of the most GHG emission intensive materials is recycled
at a much lower rate. In Switzerland, less than two thirds of the used concrete is available for
recycling with the other 30% being landfilled. Out of this fraction, about 95% is recycled (Savi &
Klingler, 2020). Much concrete recycling is open loop recycling, meaning that it is used for a
different purpose after recycling. In the case of concrete, the recycled aggregate material is
mainly reused for purposes such as road construction. However, due to the demand for such
aggregate material not being as large as the volumes of available concrete from demolished
buildings, this might lead to demolition waste not being re-absorbed into the industry (TU Delft,
n.d.). Closed loop recycling, whereby the recycled product fulfils the same purpose, is common
for steel. The steel plants in Switzerland, which cover about half of the steel demand for 7
construction, use discarded steel as their main material source (von Hunnius, 2015). Low

recycling rates occur for sheet glass (15%), gypsum (17%), wood (10%) (Gauch et al., 2016).

Recovering: Energy can be recovered through the incineration of waste materials. For instance,
in Switzerland approximately 87% of wood waste from the construction industry is incinerated
(Gauchetal., 2016).
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Table 1. Overview of circular strategies in order of priority according to Potting et al. (2017) displaying examples of
circular construction practices from the view of a building.

Smarter product use and manufacture

Extend lifetime of products and its parts

Useful application of materials

Make product redundant by abandoning its

Refuse function or by offering the same function N/A
with a radically different product
» Adaptable design/multi-purpose buildings
: . .g., neighborh nt
Make product use more intensive (e.g., (.9, neig bpr ood centers)
. : ; * Modular design
Rethink through sharing products or by putting :
; ; » Shared spaces (e.g., office spaces, study
multi-functional products on the market)
spaces)
e Smaller dwellings/larger household sizes
¢ Substitute with more sustainable material
(e.g., concrete and steel with wood)
» Substitute/reduce use of hazardous
. : materials
Increase efficiency in product manufacture .
) » Userenewable energy (e.g., for producing
Reduce and use by consuming fewer natural sieel)
terial e , .
resources and materials ¢ Optimize design to use less material and
energy per unit of production (e.g., using
less steel)
e Optimize logistics network
. e Keep building in use until end of lifetime
Reuse by another consumer of discarded P bicl gnuse unti : retim
L . ¢ Reuse discarded products in their original
Reuse product which is still in good condition and )
-y . : form (e.g., structural elements, windows,
fulfils its original function
etc.)
Repair and maintenance of the defective Repair defects and maintain building and
Repair product to use it again with its original building components such as the ventilation
function system
n Restore an old product and bring it up to Renovate old pu!ldmg by renewing ;pemﬂc
Refurbish date parts (e.g., building envelope, heating system,
water supply, ventilation, energy source)
Use parts of a discarded product in a new Reuse dlscgrqed products in their original form
Remanufacture : : inanew building (e.g., structural elements,
product with the same function )
windows, etc.)
Use discarded building materials or
Pl eEE Use discarded product or its parts in a new components in a new product with a different
purp product with a different function function (e.g., floor beams used as structuring
elements)
Process materials to obtain the same or
lower quality
* Open-loop recycling: secondary » Open-loop recycling (e.g., using recycled
material is used to manufacture PET bottles in buildings as fillers or mixed
Recycle something that differs from the into concrete)
preceding product » Closed-loop recycling (e.g., steel made
¢ Closed-loop recycling: secondary from recycled steel scraps)
material is recycled back into the
product
Recover Incineration of materials with energy Incineration of waste wood with energy

recovery




3. Examples of innovations for a circular
construction industry

The CBI Booster serves as an open innovation platform to encourage collaboration for
innovations on the topic of transforming the Swiss construction sector into a circular
construction industry. The Booster provides financial and methodological support to radical
ideas that have the potential to support the sector’s transformation efforts. The following 12
innovations touch upon different circular strategies and apply them on single or multiple

application levels.

Madaster Services Switzerland

Madaster is a cloud-based platform that aggregates information on materials, components and
products within a building to generate a material passport. A material passport provides data on
the characteristics of materials, products or components used in a building, which helps to
assess their potential and value for reuse, and information on disassembly, which would
otherwise be unknown or uncertain. In this way, they allow for greater transparency, and for the
showcasing of products that have circularity potential. Thereby providing a certain security that
such product design will be valuable at the point of recovery, the material passport also creates
incentives for a product design that allows for circularity. Furthermore, it facilitates reverse
logistics, meaning the deconstruction of a building, take back and reuse of materials, products,
and components. This enables the calculation of, amongst others, the Madaster Circularity
Indicator which evaluates the circular performance of a building. During the course of the CBI
Booster, the project team validated the existing Madaster material and product database for the
Swiss market and generate a Swiss Material database with average values that represent local
conditions. The Madaster digital database allows to register buildings, as well as the materials
and products used in construction. This is done with the purpose of encouraging circular design,
facilitating reuse of materials and providing information on the value of these buildings or

materials for reuse.

Digital platform that aggregates information
about products, components and materials,
which is crucial to preserve and know their
value for reuse.

Reuse, (refurbish),
remanufacture,
repurpose, recycle

('; CBI Booster




Circularity in building technology engineering

HHM has developed a prototype of a model for designing circular building technology systems
with a focus on reducing embodied energy. The model included the following considerations:

1. Refuse - which building technology components can be omitted?

2. Reduce - which components can be simplified?

3. Reuse - which components can be taken over from a deconstruction?

4. Recycle - which components are made from secondary raw materials or are available with
Cradle2Cradle certification?

5. Rot - which components are made of nature-based materials?

Through the CBI Booster, the team aims to test and compare this model to an ongoing
conventional building technology project for a residential building. The aim is to understand how
its application affects the building, the planning process as well as the life cycle costs and the

life cycle assessment. By the end of the project, HHM should be able to use the gathered results

and knowledge for real pilot projects.

Reduce, reuse,
remanufacture,
repurpose, recycle

Including circularity considerations in building
technology systems.

Material data in greenBIM

greenBIMis a digital solution for embodied and operational energy analysis and optimization in
buildings. Building information modelling (BIM) is a software system used to document the
location of and connection between products and materials. BIM does not only include the
building phase but can be used throughout the life cycle of a building, including use phase,
deconstruction and reuse, which is why it is a valuable tool for more circularity in the building
industry. greenBIM implements sustainability-related calculations in BIM while providing
decision-making metrics throughout the design process and enabling architects and planners
to consider environmental aspects directly in their working environment. Benchmarks on
element and building level enable time saving, reliability and visualization. To date, greenBIM
considers predefined building components and simplified building geometry for an evaluation in
an initial building lifecycle stage. Through the CBI Booster, the team aims to further develop the

tool and provide detailed material-based information. In that way, architects and planners are
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facilitated to design their own building components, while taking into account environmental

aspects and more complex building projects and moving further in the building’s lifecycle.

Development of software plugin that enables PN
architects and planners to consider Reduce | |
environmental aspects while planning.

Circular flooring system

Existing flooring solutions have not been designed to be reused and readapted for different
needs and functions resulting in tons of materials wasted, high maintenance costs and
unnecessary resource consumption. AETERNUM aims to develop and prototype a flooring
system that is modular and can be easily disassembled and reassembled. It is thus adaptable for
different types of buildings, can integrate different types of mechanical, electrical and plumbing
installations and be reused over multiple lifecycles allowing finishing layers to be replaced. The
flooring system is manufactured using bio-based and carbon-storing material or out of recycled
waste. The flooring modules have standardized dimensions, allowing them to be off-site, mass-

produced. During the CBI Booster, the first iteration of prototypes was completed, they were

redesigned and now the next batch is being manufactured to be tested.

Development of a modular flooring system Reduce, reuse, refurbish,
that can be adapted and reused. remanufacture

Impact Printing

The use of excavated material as a building material is a circular and carbon neutral solution that
is gaining interest in Europe. However, there are currently many challenges that stand in the way
of making labour-intensive and costly rammed earth scalable in the construction industry. To
address this, Impact Printing is developing an efficient robotic on-site construction process that
uses a customized material consisting of local excavated material with low levels of mineral
admixtures. The development of a digital design and construction strategy for the realization of

this construction method should lead to a high degree of automation and reduce the CO2
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content to less than 12 kg CO2 per m2, which would mean a reduction of more than 50%
compared to low-carbon concrete walls. Furthermore, much excavated material would
otherwise end up as waste and constitutes a large proportion of CDW, using it as a building

material therefore also reduces waste. The work with the CBI Booster is intended to

strengthen the cooperation with industry and the business case.

Development of robotic fabrication
technology that facilitates the use of Reduce, recycling
excavated materials.

IsoCott

Thermal insulation in the construction industry mainly consists of blow-in insulation materials
made from recycled paper. Luuup with IsoCott offers an alternative solution for building
insulation with their blow-in insulation material made from recycled textiles. In doing so, they are
addressing the increasing decline of wastepaper as a resource and addressing the nearly 90%
of textile waste that has previously only been incinerated or landfilled. Using otherwise
discarded cotton for insulation requires no water and reduces the need for primary raw
materials. Since the production takes place entirely in Switzerland, delivery routes and CO2

emissions are reduced. With the CBI Booster, IsoCott can address the scaling of the production

process and conduct a lifecycle assessment.

Using open-loop recycled textiles as
insulation material, replacing paper-based Recycle
insulation materials.

Robotic fabrication of rammed-earth materials

The use of rammed earth as a sustainable and circular building material has been proven for
thousands of years. The robotic processing of rammed earth now available enables the scaling
and local production of prefabricated rammed earth elements. This is the basis for re-
establishing rammed earth in today’s construction industry. To achieve this, a pilot project for a

multi-story hybrid building was used to develop and test the digital and robotic production
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processes. In the production of the rammed earth elements, the excavated building material is
poured into a formwork layer by layer without any additives and highly compacted by a robot.
The construction and deconstruction of a rammed earth wall is thus completely circular. These
prefabricated rammed earth elements are used as load-bearing and non-load-bearing interior
wall elements. With the innovative manufacturing process “Robotic Fabrication of Rammed
Earth Elements”, the traditional rammed earth was reintegrated into the construction industry in

a scalable way and made BIM-compatible. With the help of the CBI Booster, we aim to increase

awareness of this material for sustainable construction and find projects for implementation.

Development of a robotic fabrication
processing of rammed earth elements, Reduce, recycling
allowing for local and upscaled production.

Circular Construction Plastics

More than one million tons of plastics are consumed in Switzerland every year. 22% of this is
used in the construction industry. Circoplast (Circular Construction Plastics) is tackling the
problem of plastic consumption on construction sites and wants to create recyclable systems
for the various plastic types and usages in the long term. To do this, Circoplast is identifying
quantities as well as product variations, and evaluating circular economy strategies to reduce,
reuse and recycle plastic in the construction industry. Circoplast is a collaboration of various
partners from the industry under the leadership of REDILO GmbH. The goal is to reduce the
amount of primary plastic produced, thereby reducing the environmental impact of production.
With optimized management, fewer construction plastics would be burned, reducing the
environmental impact of incineration. By means of the CBI Booster, Circoplast wants to use the
industry network to achieve its ambitious goal and reach relevant people for future exchange on

the topic.

Reduce, reuse,
remanufacture,
repurpose, recycle

Assessing potential for more circular use of
plastics in the construction industry
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Circular, low-carbon and price competitive floor slabs

Floor slabs account for up to 65% of a building structure, are mostly made of reinforced
concrete, and therefore have a major negative impact on a building’s carbon footprint. Rematter
is introducing a new type of ceiling system that is recyclable, low-carbon and, most importantly,
price-competitive. Rematter brings one of the most sustainable solutions on the market with its
hybrid clay-wood floor slab. The materials are 100% recyclable. In addition, wood and clay can be
sourced locally - clay even directly as excavation material from construction sites. All
connections are dry joined or screwed, which allows for an easy disassembly and re-use of all
components. Compared to reinforced concrete slabs, hybrid clay-wood floor slabs contain 809
less sequestered carbon. Rematter hopes to bring about a significant paradigm shift towards a
CO2-neutral and circular society, saving over 2 million t CO2-eq per year in Switzerland alone.

The CBI Booster will support the project in finding suitable implementation and application

partners.

Manufacturing technology and material
innovation allowing for a more sustainable Reduce, recycle
production of floor slabs.

Swiss Circular Construction Digital Ecosystem

In recent years, there have been several initiatives in Switzerland to promote the reuse of
materials and components in the construction industry. However, the construction sector is
very fragmented, and the individual actors interact little with each other. There is no overarching
collaboration, which makes the process of reuse and circular construction complex and costly.
Therefore, “The Swiss Circular Construction Digital Ecosystem” creates a service that enables
collaboration between multiple parties such as material suppliers, transporters, demolition
experts, third-party application providers and customers through a digital ecosystem. The goal
is to efficiently connect buyers and sellers digitally to simplify material procurement and provide
necessary ancillary services such as transportation management of building materials and
construction supplies. A digital ecosystem for circular construction in Switzerland could
accelerate the transition of the built environment to a circular economy. The CBI Booster will
support interacting with potential customers as well as connecting with other actors along the

value chain that can be useful for the development of the digital ecosystem.
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Facilitating collaboration and synergies
between different actors in the realm of
circular building.

Potentially all circular
strategies

Utilization passport for space as aresource

A more effective lever for decarbonization and material conservation lies in considering space as
aresource. Instead of creating optimized new buildings, the existing building stock becomes an
opportunity for circular development. With typological data (on areas, volumes, uses, spatial
quality, flexibility) of existing buildings, their potential for conversion can be mapped and
measured. This data is used to create an innovative “utilization passport” as an indicator of a
building’s utilization potential. This makes it possible to match the space requirements of new
uses, which are also typologized, with the “use passes” of existing buildings. In this way,
TransForMatch makes the transformation potential of existing buildings visible and accessible
for strategic planning. At the same time, the transparency and evaluation of the resource
savings potential for further use creates incentives for a systematic extension of the utilization
horizon of existing buildings. The “utilization passport” is to be queried across portfolios in order
to evaluate locations and utilization clusters (from individual objects to settlement areas). This
makes the tool effective and attractive to both public and private stakeholders in the real estate

industry in terms of the circular economy across Switzerland. The CBI Booster will support the

collaborative project in finding suitable implementation and application partners.

Rendering accessible of information regarding PN
type and availability of buildings, thereby Reuse |_|
facilitating more intensive use and reuse

between different actors.

Wood inthe loop

A more effective lever for decarbonization and material conservation lies in considering space as
aresource. Instead of creating optimized new buildings, the existing building stock becomes an

opportunity for circular development. With typological data (on areas, volumes, uses, spatial
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quality, flexibility) of existing buildings, their potential for conversion can be mapped and
measured. This data is used to create an innovative “utilization passport” as an indicator of a
building’s utilization potential. This makes it possible to match the space requirements of new
uses, which are also typologized, with the “use passes” of existing buildings. In this way,
TransForMatch makes the transformation potential of existing buildings visible and accessible
for strategic planning. At the same time, the transparency and evaluation of the resource
savings potential for further use creates incentives for a systematic extension of the utilization
horizon of existing buildings. The “utilization passport” is to be queried across portfolios in order
to evaluate locations and utilization clusters (from individual objects to settlement areas). This
makes the tool effective and attractive to both public and private stakeholders in the real estate

industry in terms of the circular economy across Switzerland. The CBI Booster will support the

collaborative project in finding suitable implementation and application partners.

Facilitating the screening and sorting of wood Recycle, reuse,
to enable the recycling and reuse of waste remanufacture, ﬁ %

wood. repurpose
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4. Callto action

Synthesizing the previous section indicates that many of the projects of the CBI Booster have

focused on the strategies of reduce, reuse, remanufacture, repurpose, and recycle, and much
fewer on rethink, repair, refurbish or recover. Energy recovery is considered to have lowest
priority among CE strategies, since it preserves the least value of material (Potting et al., 2017),
hence a lack of projects in this area might not constitute a problematic blind spot. The lack of
projects around repair might be explained by the fact that repair is rarely included in discussions
around CE in the building industry, since it might be either included in refurbish (renovation), or

considered a common practice, anyway.

However, a greater effort to encourage projects with a focus on refurbish and rethink could be
important. Both strategies have high potential regarding material savings and a reduction in GHG
emissions. Studies comparing the GHG saving potential of different CE strategies in the building
industry have found that approaches such as reduce or recycle, which address emissions at a
material or component level, have an important but limited impact on GHG emissions (Cabrera
Serrenho et al., 2019; Hertwich et al., 2020; Zhong et al., 2021). This is linked to three factors:
first, the fact that since they address emissions at material or component level, they only ever
have a partial impact, whereas strategies addressing impacts at a building level are reducing
material demand on a higher scale, that is, they have a larger leverage (Zhong et al.,, 2021).
Second, the fact that the slow replacement rate of buildings means that these strategies do not
have a strong impact in the short to medium term (i.e,, until 2050), since they are mainly
implemented when building new buildings (Cabrera Serrenho et al., 2019; Hertwich et al., 2020).
Third, the fact that a significant proportion of the GHG emissions of buildings occur during the
use phase means that the most effective CE strategies also reduce use phase emissions
(Cabrera Serrenho et al, 2019; Zhong et al, 2021). This trade-off between reduction of
embodied emissions and use-phase emission must be considered to avoid some CE strategies
actually leading to an increase of lifecycle emissions. For instance, keeping a building in use for a
longer time might have a positive impact from a material perspective, but depending on the
improvements in building technology with regards to energy efficiency, this might have more

lifecycle impacts than building new.

In this context, refurbish and rethink are crucial CE strategies. Refurbishment allows for a
building to be kept in use for a longer time, which reduces material-related emissions on a

building scale (i.e., not only for individual materials), and, if done in line with ambitious energy
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standards, reduces the building’s use phase emissions. Here, authors have highlighted that
refurbishments are only effective if they drastically improve a buildings energy performance
(Hertwich et al., 2019). Despite this potential, the renovation rate of buildings has remained quite
low—around 1to 2% of building stock per year in the EU, and around 1% in Switzerland (Artola et
al,, 2016; Swiss National Science Foundation, 2019). A report by the European Parliament finds
the following key barriers to refurbishment of buildings: financial barriers (the cost of renovation,
lack of access to finance, and low energy prices); technical barriers (lack and cost of technical
solutions, lack of knowledge); process barriers (fragmented supply chain, responsibility lies with
the homeowners); regulatory barriers (requirements not strict enough, unclear definitions),
awareness barriers (lack of awareness) (Artola et al., 2016). It would be interesting for the CBI

Booster to include projects that address these barriers.

Then, rethink has been found to be the strategy with the highest GHG saving potential in the
building industry in multiple studies (Cabrera Serrenho et al., 2019; Grubler et al., 2018; Hertwich
et al., 2020; Pauliuk et al., 2013; Zhong et al., 2021). By allowing for a more intensive use of the
building, the strategy leads to a reduced floor area per person, thereby reducing the demand for
buildings. This does not only lead to an overall reduction of the demand for all building materials,
but also reduces impacts during the use phase. As mentioned above, rethink strategies include
sufficiency, such as simply smaller dwellings, but also the sharing strategies, such as shared
living, working, and social spaces. Interestingly, intensified use is often taking place out of other
than sustainability considerations, for instance, financial considerations or space constraints,
such as shared living among students or co-working spaces. However, there has been little

active effort to encourage such practices outside of these contexts.

In contrast to other CE strategies and the projects that have thus far been part of the CBI
Booster, rethink and refurbish strategies require much social and policy innovation in addition to
technology and design innovation. While another type of innovation, this does not have to be
beyond the scope of the CBI Booster and would be very valuable to actively encourage in future
calls. Finally, it is crucial to mention that the greatest potential lies within the combination of
multiple CE strategies. The CBI Booster should therefore strive to support a wide range of
projects that take different approaches and strengthen synergies between different ideas and

areas.
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