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Abstract The recovery and reuse of salvaged products and building materials from
existing structures is an essential practice in sustainable construction and environ-
mental conservation. This process, often referred to as building deconstruction or
architectural salvage, involves carefully dismantling buildings to preserve reusable
materials. It offers numerous benefits, including significant environmental impact
reduction, economic advantages, and historical preservation. Environmentally, it
reduces the amount of construction and demolition debris in landfills, conserves
natural resources by reusing existing materials, and reduces the carbon footprint
by decreasing the need for new materials, thus reducing emissions from manufac-
turing and transportation. Recovery and reuse involve several steps. It begins with
assessment and planning, where a detailed site assessment is performed to identify
salvageable materials. A deconstruction plan is then developed that details the steps
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and methods to safely dismantle the structure. During the deconstruction phase, the
building is carefully dismantled, starting from the top down, using manual labour
and specialised tools to preserve the materials in good condition. These materials are
then separated into categories such as steel, timber, concrete, bricks, etc. Next, the
salvaged materials undergo cleaning and processing, making them ready for reuse.
Proper storage and distribution are crucial to preserve the integrity of materials.
However, practice faces challenges such as labour intensity, risks of contamination
fromhazardousmaterials such as asbestos and lead paint, fluctuatingmarket demand,
and ensuring the quality and safety of reused materials, which may require certifi-
cation and compliance with building codes. The present chapter starts with aspects
of pre-demolition/deconstruction audit that involves the collection of information
about the materials and elements that will be recovered and continues with the eval-
uation of reusability of materials, mainly with steel, timber and concrete, structural
components, entire primary and secondary structure.

Keywords Recovery · Reuse · Upcycling · Salvaged products · Building
materials · Existing structures · Pre-demolition/deconstruction audit

5.1 Introduction

Salvaging and reusing materials from existing structures is a cornerstone of the use
of circular materials in construction, minimising waste and conserving resources.
Instead of demolishing buildings and sending the debris to landfills, salvaging mate-
rials by disassembly allows for their reuse in new construction projects, reducing
waste and conserving resources.

Crowther [1] highlights the principles of disassembly as an alternative to
demolition. These include the following:

• offer unimpeded access to all building elements slated for disassembly;
• enable disassembly at any scale, from individual materials to entire structures;
• arrange components based on a hierarchy of access that correlates with their

respective life expectancies;
• facilitate simultaneous disassembly of multiple elements instead of linear

sequences;
• clear label of components and document their assembly/disassembly procedures;
• separate building structure, envelope, and internal walls using distinct systems;
• standardise and limit the number of material types, components, connections, and

systems while ensuring compatibility with existing standards;
• embrace open construction systems that accommodate various structural alterna-

tives;
• minimise the number of components and connections for straightforward disas-

sembly;
• prioritise mechanical connections over chemical ones for easier separation;
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• favour readily available tools and practices for widespread adoption;
• design component sizes compatible with intended disassembly methods;
• utilise lightweight materials to simplify handling;
• prevent component deformation caused by repeated assembly/disassembly.

Here are some key aspects related to the recovery and reuse of salvaged building
materials:

1. Salvage Operations: Salvage operations involve carefully deconstructing or
dismantling existing buildings to recover reusable materials. This process
requires skilled labour, the right tools and techniques to ensure the safe removal
and preservation of salvaged items;

2. Materials Identification and Sorting: During the salvage process, the materials
are identified, categorised and sorted to determine their reusability and potential
applications. This includes assessing the condition, quality and compatibility of
salvaged materials for future reuse;

3. Preservation and Storage: Salvaged materials may require proper preservation
and storage to maintain their quality and usability. This may involve cleaning,
repairing, treating, or storing materials under the appropriate conditions to
prevent deterioration or damage;

4. Material Assessment and Testing: Salvaged materials should be evaluated and
tested to ensure that theymeet safety andquality standards for reuse. This includes
evaluating their structural integrity, durability, and performance characteristics
to determine their suitability for future applications;

5. Inventory and Cataloguing: Establishing an inventory and cataloguing system
for salvaged materials helps streamline the reuse process. It enables architects,
builders, and designers to easily access information about available salvaged
materials, facilitating their integration into new construction projects;

6. Design Considerations: Incorporating salvaged materials into new designs
requires careful consideration of their characteristics, limitations, and aesthetic
appeal. Designers and architects need to explore innovative ways to inte-
grate these materials while ensuring structural integrity and meeting regulatory
requirements;

7. Local Networks and Partnerships: Building networks and partnerships among
salvage yards, contractors, architects, and other stakeholders can improve
the reuse of salvaged materials. Collaboration allows for the exchange of
information, expertise, and the creation of marketplaces for salvaged materials;

8. Education and Awareness: Increasing awareness among industry professionals
and the general public about the benefits and opportunities associated with
salvaging and reusing buildingmaterials is crucial. The implementation of educa-
tional programs, workshops, and public awareness campaigns aimed at various
stakeholders can significantly contribute to the promotion of disassembly design
principles and the creation of a robust market for salvaged materials.

The recovery, de-characterisation and reuse of salvaged building materials offer
multiple benefits, including waste reduction, resource conservation, cost savings,
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preservation of architectural heritage and environmental impact reduction. By incor-
porating salvaged materials into new construction projects, the construction industry
can significantly contribute to circular material usage and sustainable building prac-
tices, even reduce costs due to the significant rising costs of some raw materials. The
following subchapters deal mainly with steel, timber and concrete.

5.2 Pre-demolition/Deconstruction Audit

Selection of demolition methods depends on the construction materials and site
conditions and is subject to regulatory requirements. Top-down demolition method
is commonly used for multi-storey buildings meaning that demolition starts from
the top floor level. Temporary propping and shoring are usually needed to ensure
stability of the structure. Excavators are generally used to demolish the structure;
structural steel members sheared, or flame cut into short lengths for ease of handling,
transportation, and recycling; and concrete demolished for down-cycling or landfill.

Pre-deconstruction audit involves the collection of information about thematerials
and elements that will be recovered, the waste streams, and recommendations for
further handling and reuse. Recommended waste audit includes field survey, docu-
mentation research, condition evaluation, and management recommendations [2, 3].
Guidance for the deconstruction process using the top-down method is available,
offering recommendations from project planning to deconstruction stages, along
with compliance legislation [4].

APre-demolitionaudit–overall guidancedocument has beenprepared as an exten-
sion to the Waste Audit Guideline released by the European Commission in 2017
[5]. The pre-demolition audit guidance package has been prepared within the project
“Best practices for Pre-demolition Audits ensuring high quality RAw materials–
PARADE” funded by EITRawMaterials. TheGuideline helpsmaximize the recovery
and reuse of valuable materials and components from buildings and infrastructure,
prioritizing sustainability while upholding the safety standards outlined in the EU
Construction and Demolition Waste Management Protocol [2].

A document offering guidelines on conducting a reclamation audit was developed
through a collaborative effort within the project Interreg NWE 739: Facilitating
the Circulation of Reclaimed Building Elements (FCRBE), October 2018–January
2022–A guide for identifying the reuse potential of construction products [6]. This
manual guides you through the process of conducting these audits. It’s designed for
building professionals, and anyone involved in (de)construction, including architects,
engineers, contractors, and owners.

According to Building and Construction Authority [7], the Pre-demolition Audit
is a continuous process, spanning across three key phases: (a) pre-demolition plan-
ning, (b) active demolition, and (c) post-demolition assessment. This multi-stage
approach ensures the optimal recovery of demolished materials for beneficial reuse
and recycling, while always prioritizing safety practices and measures.
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Steel. The practice of deconstruction with the intension of reclaiming and reusing
structural components is not yet commonplace due to a lack of demand for salvaged
materials and the associated time and labour costs. Many existing buildings present
challenges for deconstruction and material reuse due to their original design. The
findings of the PROGRESS project [8] indicate that deconstruction of existing
single-storey steel-framed building is relatively straight-forward when following a
reversed construction sequence. Deconstruction begins with the removal of non-
structural elements and equipment, followed by the methodical disassembly of
flashing elements, cladding, and secondary structures before tackling the primary
structure. This deconstruction is recommended to be carried out on a bay-to-bay
basis rather than by the entire building layer. Optical Emission Spectroscopy anal-
ysis can easily and quickly analyse chemical composition of steel which can serve
as a non-destructive method to sort steel from waste stream. In general, steel is the
perfect material to reuse, as the integrity of a steel element after deconstruction can
be easily tested, compared to other construction materials. Steel is predestined for
deconstruction after service life as there is a wide variety of mechanical connections.

At the European level, a technical specification for reuse of structural steel is
under development, which is complementary to the provisions in EN 1090-2 [9]
for the execution of steel structures. It specifies requirements for both reusability
assessment and quality assessment. A testing protocol is proposed for determining
the following properties: yield and tensile strength, elongation, tolerances on dimen-
sions and shape, heat treatment delivery condition, and weldability [10, 11]. Non-
destructive or destructive techniques may be used depending on the provenance of
steel and availability of original inspection documents.

Precast Concrete. The widespread use of pre-cast elements throughout Europe
creates a readily available pool of materials for large-scale reuse, making this
approach particularly attractive. Evaluating the potential for concrete reuse demands
a two-step process: delving into historical records like design drawings and calcu-
lations, followed by on-site inspections involving visual and non-destructive assess-
ments. Complete original manufacturing drawings and certificates, if available,
can provide invaluable information to assess concrete reuse potential, further vali-
dated through suitable testing. Information availability, historical exposure level,
and intended new application will determine the ‘pre-classification’ categories for
concrete elements, which will guide further evaluation.

The European research project ReCreate–Reusing precast concrete for a circular
economy [12], aims to address the challenge of damaging demolitions. This Euro-
pean research project explores methods for deconstructing precast concrete elements
for their safe reuse in new buildings, with the objective of transforming waste into
resources and creating a profitable circular economy model for construction. This
project explores innovative approaches to deconstructing precast concrete, even for
structures built without disassembly in mind, aiming to improve both the technical
feasibility and economic attractiveness of this sustainable approach.DeliverableD2.1
of the projects discussed in detail the process of information collection as aBIM-aided
pre-deconstruction audit process [13]. A central goal of the pre-deconstruction audit
is to create a comprehensive inventory of recoverable materials and components
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within the donor building, maximising potential for reuse and minimising waste.
Buildings incorporate a variety of precast concrete elements: structural members
(columns, beams, load-bearing and non-load-bearing walls, and shear walls provide
structural support and stability to buildings), enclosure elements (facades, incorpo-
rating sandwich elements contribute to thermal performance and architectural expres-
sion), circulation elements (stairs, stair landings, and balconies facilitate movement
and access within and around buildings), etc. In theory, these precast elements can be
repurposed for the same intended use. During the pre-deconstruction phase, it was
essential to gather data on the physical dimensions, shape, and potential damage of
all elements. If the information was already accessible from archives, it was essential
to verify its accuracy.

PEIKKOWhite Paper [14] reviewed a set of connections between precast concrete
structures to determine their capacity to allow the dismount and reuse of the struc-
tures. Existing solutions must agree with the current norms recognising reuse, and
their potential must be proven in practice. The benefits of reuse are also assessed
from an economic and environmental point of view by presenting a study case for
pre-cast concrete frame load bearing structures. However, the document highlights
the need for new standards dealing with the topic, which would also help to verify
the condition of old concrete structures for reuse.

Timber. After centuries of dominance by other materials, Europe witnessed a
renaissance of timber construction in the late twentieth century, fuelled by the rise
of light timber frame systems. Now, in the twenty-first century, innovative advance-
ments are taking this sustainable building method to new heights, transforming the
industry.Mass timber, such asCLT (cross-laminated timber), shattered the limitations
of timber construction, paving the way for high-rise timber buildings in some coun-
tries. Although predominantly used in residential projects, timber is increasingly
being used for office buildings, schools and hotels, transforming the construction
landscape. The rise of off-site construction could be seen as an even more game-
changing development, as it amplifies the benefits of timber, leading to even greater
accuracy,material efficiency, speed, andwaste reduction.Althoughmodern construc-
tion methods gain traction across Europe, regional differences emerge in prefabrica-
tion, materials, and design styles. This requires adaptable Design for Deconstruction
and Reuse (DfDR) guidelines that can effectively address the specificities of each
partner country.

The InFutUReWood project [15] tackled the challenge of reusing wood from
existing buildings, specifically focussing on its viability as a structural material. The
following transformative recommendations stem from their work:

• For new buildings, local or building authorities could mandate the inclusion of
deconstruction plans, prepared by designers, as part of the building permit applica-
tion process. These planswould facilitate future disassembly and reuse of building
materials.

• Minor tweaks to the design of timber buildings can significantly enhance the
potential for deconstruction and material reuse. Deconstruction plans, when
linked to data on material origin and environmental footprint, become powerful
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tools to promote circularity in construction. This allows for targeted material
reuse, informed selection of replacements, and minimised environmental impact
throughout the lifecycle of a building.Mandatory deconstruction plans withmate-
rial passports and recycling information should be integrated into the building
permit process for new buildings, facilitating future disassembly and material
reuse. Current financial incentives that favour biomass energy for building would
create a major barrier to its reuse over multiple life cycles. To encourage such
reuse, a shift towards tax advantages and subsidies specifically supporting timber
reuse is crucial.

• Financial incentives should encourage “cascading use” of timber, prioritising
renovation and reuse over virginmaterials in new construction. Robust assessment
methods are important to demonstrate the full impact of cascading, demonstrating
its contribution to sustainability (environmental, social and economic), as well as
circularity within the construction sector.

• Without harmonised standards and adaptable assessment documents, the construc-
tion industry faces limitations in advancing sustainable building practices. This
impacts not only manufacturers and architects, but ultimately hinders progress
towards meeting society’s growing expectations for environmentally responsible
construction. Stakeholders involved in the revision of the Construction Products
Regulation should prioritise finding solutions to address this challenge.

• Instead of viewing upfront costs as mere expenditures, integrated policy frame-
works are crucial for both the construction and recycling sectors to recognise them
as investments in a global resource deposit, promoting long-term resource value
and sustainability.

While the EU’s Construction Products Regulation review tackles reuse, trace-
ability of materials after first use, and standards, specific solutions are needed for
timber due to its distinct natural properties compared to non-livingmaterials. For low-
risk circular economy products and applications, exploring alternative approaches
like streamlined processes or targeted support programs can unlock their potential,
even if broader solutions remain elusive.

Although building safety is paramount, it is equally important to consider its
interdependencies and vulnerabilities within the larger urban ecosystem. Effective
building safety strategies must be systemic, addressing how structures interact and
impact each other. Buildings, major climate culprits, now face growing threats from
the climate crisis itself, putting communities and livelihoods at risk. Storms, floods,
and landscape-scale fires are just some of the increasing dangers.

Although certain outputs can be currently implemented, further research is
required in all aspects of timber utilisation. Specifically, cross-laminated timber has
been recognised as a construction material with significant potential for future reuse.
Additionally, it can be manufactured using reclaimed timber. Collecting the neces-
sary data for wood characterisation and product certification is a huge undertaking.
Hence, project consortia working in this field should collaborate and share data to
accumulate a substantial body of knowledge over time. The scope ofwoodquality and
property research, as they are so variable, necessitates data sharing beyond individual
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projects, and therefore the involvement of multiple projects in sharing their data is
crucial. In addition to data sharing, it is essential to compile a Guide to Good Prac-
tices that encompasses various circular design solutions. This guide should incorpo-
rate research projects and industry solutions and be tailored to meet the regulations
of different countries. The transfer of knowledge to society and the education of
building professionals are crucial aspects. Transitioning from the current state can
pose numerous challenges and obstacles, including new building regulations and the
need to adapt to harmonised standards.

One of the most effective waste reduction strategies is to prolong and diversify the
use of the same resource through cascading.Risse [16] defines cascading as a resource
strategy in which units serve various material applications sequentially, culminating
in their final use (in the case of timber) for energy generation through incineration.
As Risse explains “It follows a holistic perspective on the material’s value chain and
can include various reuse and recycling processes as well as end-of-life treatments”.
Cascading can reduce pollution, resource depletion, and energy consumption associ-
ated with manufacturing, while simultaneously extending carbon storage in products
and delaying emissions for years, making it a valuable tool for environmental sustain-
ability and climate change mitigation [17]. Cascading can reduce pollution, resource
depletion, and energy consumption associated with manufacturing, while simultane-
ously extending carbon storage in products and delaying emissions for years, making
it a valuable tool for environmental sustainability and climate change mitigation (e.g.
Irle et al. [18]; Lesar et al. [19]; He et al. [20]). The success of high-value recycling
for recovered wood hinges on overcoming the hurdles presented by its inherent
heterogeneity and lower quality, which currently restrict yields [21].

Cascading wood effectively demands not only novel technologies but also a trans-
formation in demolition and waste treatment practices to maximise material quality
[22–27]. Ideally, product and building design should prioritise material preservation
and straightforward and efficient recycling.Most of thewood fromdemolished build-
ings is incinerated for energy, primarily to heat power plants, with only a negligible
amount diverted to landfills. This highlights the growing interest in timber buildings,
which offer a more sustainable alternative.

Despite relying on wood waste for energy, many countries are missing a key
opportunity: a massive amount of high-value wood products and assemblies, like
structural components, end up incinerated instead of being cascaded for further use.
Embracing design for reuse and recycling in wood construction could unlock a trea-
sure trove of opportunities: timber structures could be readily reused, paving the way
for practical implementation of wood cascading across the industry.
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5.3 Evaluation of Reusability: Materials/Structural
Components/Entire Primary and Secondary Structure

The reports of many studies consistently highlight innovative design concepts for
deconstruction and reuse, which have the potential to be applied in contempo-
rary buildings. The reports highlight that both the feasibility and the potential for
reuse increase with the size of the reclaimed components. Larger elements save
time, reduce greenhouse gas emissions, and minimise waste generation. By priori-
tising adaptability in volumetric and planar units, it not only reduces waste but also
unlocks valuable opportunities for repurposing them in different contexts or modi-
fying them within buildings as component lifespans differ. This results in long-
term cost savings and improved sustainability. There are examples that demonstrate
various design strategies for Design for Deconstruction and Reuse (DfDR) in build-
ings. Each example is accompanied by its specific design approach to facilitate the
reuse and deconstruction process. In the given examples, the buildings are designed
to be in one place for a specific period of time. They are constructed with the inten-
tion of being easily deconstructed and reassembled in another location without the
need for component replacement. Buildings designed for disassembly and reuse
often exhibit key features such as modular component systems, easily reversible
connections, adaptable floor plans, and circular procurement strategies. Although it
is clear that structural timber reuse is feasible, it has not yet been widely adopted
as a common approach. The primary obstacles to the use of reclaimed structural
components are primarily the absence of demand for salvaged materials, as well as
restrictive building regulations and the absence of established design standards. The
practices employed during the demolition phase also hold significant importance and
should be taken into consideration during the design of buildings to prevent damage
to the components.

Entire Structures. Relocating entire buildings in order to reuse a maximum of
the components and structure is considered in PROGRESS project [8, 10, 11]. The
SEGROwarehouse building in Slough, UK, for instance, built in 2000 was relocated
in 2015 on the same business park, to make it possible to construct a new road bridge.
The primary steel structurewas relatively easy to recoverwith an intumescent coating
removed and repainted on site. Reclaimof secondary steelworkwasmore challenging
due to the large number of elements and their relative fragility. The precast concrete
floor planks were easy to remove as there were no rebars between them but grouts;
some of the planks were damaged during the deconstruction process and required
repair. New composite steel cladding was installed due to the costs of reclaiming the
bricks from the original cladding and the difficulty in reinstallation.

Other case studies from the PROGRESS [8] project include the Agrocolumna
warehouse built in 2004 and initially located in Craiova and relocated to Copăceni,
Romania in 2012 (see Fig. 5.1), and a warehouse building situated within the western
harbour of Helsinki underwent a nearby relocation utilising crane technology,
eliminating the need for disassembly etc.
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Fig. 5.1 Deconstruction and relocation of a warehouse and office building [8]

A similar approach is followed by Capelle et al. [28].Within their BAMB-Project,
circular solutions for the building sector were analysed with the help of several pilot
projects. Find hereafter a non-exhaustive list: BRIC–An educational transformable
wooden building in Belgium, new building, disassembled and assembled twice, used
as an office building in 2018, a shop in 2019 and an acoustic laboratory in 2020;
GTB LAB–A novel building module constructed in the Netherlands that combines
a steel frame with exchangeable components, enabling flexibility and transforma-
tion, which has already undergone its first functional change; REMs An indoor
interactive and modular exhibition space on circular building materials, in Brussels,
London, Watford, Amsterdam, Eindhoven, Westerlo, new construction, assembled,
transformed, and relocated six times.

The 2015 Finnish project ReUSE, explored by Hradil [29], investigated the
potential for reusing various building materials, including timber (with a partic-
ular focus on mass timber elements). Hradil observes that a substantial variety of
load-bearing building elements possess reusability potential, either through recovery
from construction and demolition waste or direct reuse from existing structures. He
proposed a size- and complexity-based classification system, dividing projects into
five distinct categories: (1) building (2) structures, (3) structural elements, (4) basic
structural elements, (5) building blocks. Hradil leverages the summarized building
element definition to establish a criteria-driven approach for categorizing and eval-
uating individual elements. Hradil [29] identified these key features of mass timber
building components as:

A: sports halls, modular houses, towers, bridges;
B: roof trusses, glulam frames;
C: sandwich panels, ceiling joists, curved glulam beams;
D: wood-based panels, straight solid or glulam beams;
E: boards.

Structural components: Steel. It is not always reasonable to relocate entire build-
ings. However, single building components such as roofing, cladding, floors or load
bearing structures can be recovered and reused. Flat steel construction products for
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Steel metal sheeting PIR sandwich panels Mineral wool sandwich panels

Fig. 5.2 Flat steel construction products

the building envelope cover inter alia steel metal sheeting, PIR sandwich panels and
mineral wool sandwich panels (see Fig. 5.2).

The steel metal sheeting products are 100% recyclable with 16.74% average of
recycled content. With choosing special steel from selected producers, options with
e.g. a minimum of 75% of recycled content and thus significant CO2 savings can be
chosen. Recycling of the foam of PIR sandwich panels is technically feasible into
raw materials to produce again PIR foam sandwich panels. For mineral wool sand-
wich panels, steel and mineral wool are separable and both are recyclable. Mineral
wool can contain between 30 and 50% of recycled content. Also, mineral wool
production waste is mainly recycled (up to 90%). The industry is currently looking
into an enhancement of circular economy on each step of the products life of steel
construction products by:

1. Recycle production waste in particular for PIR sandwich panels as well as waste
on site;

2. Use of environmentally friendly surface coatings;
3. Concepts to promote separation into mono-materials;
4. Innovative deconstruction concepts.

Further carbon equivalent savings can be achieved by value engineering with
optimised design and related steel thicknesses. Innovative deconstruction concepts
promote the reuse of steel construction elements. The construction as such as planned
with mechanical fastening techniques. The fastening elements are to be placed from
one-side only to facilitate easy deconstruction layer by layer. Riveted connections
can be opened by drilling. Setting pins can be loosened by hammering. Bore holes
remain in the elements.

Sealing tapes and other sealing products at element edges or intersections may not
be removed residue-free. Impacted edges of used panels can be refitted respectively
needs to be cut-off from the product being reused. Loss of material can be recycled.
It is to be noted that standard element sizes may not remain. It is to be noted that
producers do not have a business model in place accounting for reuse of construction
elements,mainly due to the challenge ofwarranty respectively product responsibility.
The assessment for fitness-of-purpose of the product to be reused is to be agreed
between the party selling product, the designer as well as the purchaser as no legal
framework does exist for this case.
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Fig. 5.3 Composite
concrete floor

Reclaiming and reusing concrete floors as components are not easy tasks. In
current practices, concrete floors are crushed for recycling or landfilling. Precast
floor slabs may be easier to reclaim and reuse from existing buildings, compared
to cast in-situ applications. Hollow core slabs are prefabricated concrete slabs pre-
stressed for strength, commonly used in residential construction for fast and efficient
floor systems. In one pilot project in Oslo, hollow core concrete slabs were carefully
removed from a demolished multi-storey building to be reused in a new building
[30]. Norwegian standard NS 3682 issued in 2022 [31] has provided guidance on
reuse of hollow core slabs, from dismantling to assessment.

Composite concrete floors (see Fig. 5.3) comprise reinforced concrete and profiled
steel deckling as formwork during concreting and as reinforcement in a final stage.
They are commonly designed with composite beams with steel connectors, such
as welded shear studs, in steel framed buildings usually non-residential multi-storey
buildings. Reclaiming steel sections from such applications is possible, with concrete
crushed and studs cut. One easy and elegant way to make this type of composite
solution fully deconstructable (floor slabs detachable from composite beams) is to
use demountable connectors such as bolts, however, the design of such solution is
not covered by Eurocodes.

Using high-strength structural bolts as shear connectors is acceptable in
Australian/New Zealand standard AS/NZS 2327 [32]. Within the EU-funded project
REDUCE, a total of twenty different demountable shear connection systems have
been identified with selected solutions tested, and a design guide on demountable
composite construction has been published [33, 34]. Reuse scenario of composite
beams with composite floors and demountable connectors has been tested in the UK
by Lam et al. [35]; cast in-situ composite floors was cut along the troughs of steel
decking after first use, detached, reassembled, and tested to failure, to create a reuse
phase. Demountable composite construction has the merits of resource efficiency in
first use due to improved strength and stiffness and thus reduced material consump-
tion, and time, labour, carbon savings during assembly and disassembly in first use
and subsequent uses of components or structure.

A steel-timber composite flooring system as described by Romero et al. [36]
has been developed recently; using demountable shear connectors between timber
floor and steel beam to form composite action. Timber panels can be detached from
the beams and potentially reused with the same or new beams or repurposed as
non-structural elements.
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Stockists in the UK have a growing business on reclaimed steel sections thanks
to the newly developed steel reuse protocols and the increasing demand on low
carbon steel. Before, finding reclaimed steel sections in good quality was not easy
and a systematic assessment method was lacking. Completed in 2002, the BedZED
project in London used reclaimed steel as frames amounts to 95% of the structural
steel [37]. In retrofitting projects, steel is usually the right and light weight material
to use for load bearing; the Holbein Gardens project in London, for instance, used
reclaimed steel for extension of the frame [38].

A demonstration project in Luxembourg demonstrates opportunities on how to
reuse steel load bearing structures. The Project Petite Maison contributes to the
concept of design for deconstruction, reuse, and circularity. The project has three
phases named: construction phase, use phase (and open for public visits), and decon-
struction phase. The load-bearing structure is steel framed with the demountable
composite solutions and adaptable steel connections developed within the REDUCE
project [39]. The elements adhere to a standardized 1.35-m grid system, prevalent in
European construction. Noted that, using a higher grade of steel from S355 to S460
saves approximately 24% of material consumption thus reduced embodied carbon.
The developed systems are designed as modular, demountable, standardised, and
potentially reusable. Each building element has been linked with a QR code and
virtual platform containing material passport data such as technical properties and
manufacturers to facilitate tracking and future reuse.

Steel foundations consist of bearing piles and sheet piles and can be found mainly
as deep foundation elements in structures as bridges, industrial facilities, housing,
underground car parks or quay walls (see examples in Fig. 5.4). The purpose of the
foundation can be temporary or permanent, which results in a service-life ranging
from some months up to 100 years. Two main modes of action for steel foundations
are identified:

1. Vertical load bearing elements,
2. Retaining walls with limited vertical bearing capacity.

Fig. 5.4 Steel as a reclaimable foundation element
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The vertical load bearing is assured by steel bearing piles that are generally
combined with a shallow concrete foundation. Retaining walls, constructed with
sheet piles takehorizontal loads, but also have a certain bearing capacity,which allows
an efficient use of material. Steel sheet piles are modular, prefabricated elements.
For either case, steel elements can be reclaimed after the service life of the structure.
Three options are identified for reuse of steel foundations:

1. Reuse steel foundation on the same site (in-situ reuse);
2. Reuse steel foundation on the same site (ex-situ reuse);
3. Reuse steel elements on another site (off-site ex-situ reuse).

Reuse steel foundation on the same site (in-situ): It is possible to reuse vertical
bearing piles. As described by Sangiuliano et al. [40], the Ministry of Transportation
of Ontario in Canada, is assessing existing bridge abutments that need to be reha-
bilitated/replaced. The aim is to reuse the existing steel foundations. The authors
describe the assessment procedure to check if an existing, 50-year-old, steel foun-
dation, could be maintained and used to support a new superstructure for another
75 years. The procedure considers corrosion as well as geotechnical and structural
assessment. The positive result leads to substantial savings in cost, construction time
and natural resources.

Reuse steel foundation (ex-situ): Sheet piles can be used for temporary applica-
tions and then reused on the same site for further construction stages or on another
jobsite. They can be reused up to ten times [41]. The multiple reuses allow the effi-
cient use of a steel element. Being reusedmultiple times, the steel element is kept on a
high level of circularity over several lifecycles. Manufacturers as well as contractors
offer rental services and buy-back schemes for sheet piles. Vertical bearing piles are
generally used in permanent applications. After reclamation they would be used on
another site.

After deconstruction of the superstructure, the use of vibratory hammers, typically
used for pile installation, facilitates the efficient extraction of sheet and bearing piles.
For steel used in infrastructure, other than quay walls, very limited corrosion is to be
expected as the elements often emerge in the soil [42]. Steel foundations are ideal
for reuse, due to their integrity and ease of reclamation and storage. Reusing steel
foundations significantly reduces the use of raw material, waste, and energy. Today,
the reuse of steel foundations, in the form of sheet piles, is common. Around 25%
of sheet piles in Europe are reused at least once.

Reuse of steel is technically viable: steel is inherently reusable and durable; and
steel construction is easily reversible to facilitate reclamation ofmaterials and compo-
nents. Reuse of steel is already common practice in shoring, excavation, and the
railway industry. Case studies indicate that salvaged steel can be repurposed as struc-
tural elements: over 40% of structural steel used in the Brent Cross Town substation
project (see Fig. 5.5) was salvaged from surplus oil pipelines [43].

Steel can also easily serve as an intermediary to improve the reuse potential of
other materials such as concrete, brick, and timber through connections [44].

Structural components: Concrete. In practice, the elements most commonly used
in concrete constructions can be reused. These are:
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Fig. 5.5 Brent Cross Town
primary substation [43]

• Columns: serving as vertical supports for a structure, columns transfer the
compressive forces and bending moments from upper floors, through founda-
tions, to the ground. Square, rectangular, and circular are the most common
cross-sectional shapes for these vital structural members;

• Beams: characterised by their rectangular cross-section, beams serve to transfer
primarily transversal loads to supporting elements. Their reinforcements enable
them to effectively resist both shearing forces (frames) and bending moments
(longitudinal steel bars);

• Walls: these vertical elements, carry vertical loads and, due to their inherent
strength, also resist horizontal forces generated by wind and earthquakes;

• Floors: characterised by their horizontal orientation and primarily subjected to
bending moments, floors are categorised according to the direction of their spans
(unidirectional or bidirectional) and construction style (solid, ribbed, or mixed);

• Façade panels: relatively thin, flat elements of uniform thickness, employed
primarily to fill the spatial gaps between structural columns. Primarily serving
aesthetic and environmental purposes, these non-structural components do not
contribute directly to the building’s load-bearing capacity.

Küpfer et al. [45] presented an original collection of 77 concrete component
reuse cases in new construction projects in Europe and the United States, span-
ning projects built between 1967 and 2022. Employing a chronological approach,
the authors identified seven distinct trends categorised across three main time inter-
vals: (a) the early, pioneering period (1967–1998), (b) the intermediate, development
period (1999–2010), and (c) the recent, diversification period (2011–2022).

Within the study, the authors established a three-tier value recovery framework
for concrete component reuse, based on the disparity between the structural demands
of the components in the new design and their original roles in the donor structure,
i.e.:

(a) equivalent reuse of components when the reuse is for the same purpose,
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The residential quarter before 
refurbishment

The residential quarter after 
refurbishment

Fig. 5.6 Residential quarter before and after refurbishment [47]

(b) downcycling reuse when the reuse of concrete components in new applications
are subjected to a less diverse or less intense spectrum of loads or stresses
compared to their original design specifications, and

(c) upcycling reuse, when the reuse of concrete components in the receiver structure
is required, is subjected to more intense spectrum of loads or stresses compared
to their original design specifications.

Asam [46, 47] presented the latest developments in the area of reuse of building
parts from disassembled concrete prefabricated parts from housing construction in
eastern Germany. He presented four pilot projects implemented between 2005–2007
in the Berlin area. The slab and wall components were supplied by donor buildings
in an area of 35 km around Berlin (see Fig. 5.6).

In 2015,Huuhka et al. [48] conducted a study to evaluate the reusability of concrete
panels prevalent in the Finnishmass housing stock. The research focused on assessing
the dimensional compatibility of these panels with the requirements of contemporary
architectural design paradigms. Analysing multi-story housing built between 1968
and 1985, the study discovered that a single, average-sized apartment building could
provide enough materials to construct up to nine detached houses.

In his study, Glias [49] investigated the feasibility of reusing existing struc-
tural concrete elements. His findings confirmed the technical practicality of this
approach while highlighting its potential for cost reduction and environmental bene-
fits compared to the use of new constructionmaterials. In addition to its other applica-
tions, this strategy presents a potentially valuable solution for vacant office buildings.
These encouraging findingswarrant further research to fully explore the full potential
for reuse and to realise a pilot project that utilises reused elements in the foreseeable
future.

Several noteworthy examples, including the Kummatti housing estate rehabili-
tation project in Raahe, Finland (2008–2010), have provided concrete evidence of
the environmental, economic, and construction time advantages associated with the
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reuse of concrete elements; a small-scale initiative involving the reuse of wall panels
resulted in a noteworthy 36% reduction in construction costs [48]. The design of new
housing in Mehrow, near Berlin, exemplifies another successful implementation of
circular construction principles. Precast concrete elements from unwanted buildings
were repurposed for the project, resulting in a 30% cost reduction, highlighting the
potential of resource conservation in the construction industry [50].

In 2001, a research project titled “Recycling Prefabricated Building Components
for Future Generations” was initiated by the Federal Ministry of Transport, Building,
and Housing in Germany. This initiative aimed to assess the feasibility and potential
of dismantling and reutilising prefabricated concrete elements in the construction of
new houses. The project yielded significant findings regarding the viability of reusing
building elements. The use of hand procedures with light machinery proved to be
more cost-effective compared to heavy-duty equipment. Furthermore, measurements
ensured the quality of the dismantled elements and the reused components were
demonstrably 50% less expensive than their new concrete counterparts. In particular,
total building costs were observed to be 26% lower when using reused elements [49].

Salama [51] conducted a comprehensive analysis of contemporary issues
concerning concrete technologies and their influence on building assembly and
disassembly processes. Recognising the environmental implications, he delves into
the potential of design-for-disassembly (DfD) principles and explores theories for
future advancements. Ultimately, his work aims to guide the construction design of
concrete buildings towards a more environmentally responsible future. The study
concluded that the implementation of the design for disassembly (DfD) criteria in
precast concrete systems and elements presents a feasible and effective solution to
transition their linear life cycle to a circular model.

Drawing upon insights from pilot projects conducted in Finland, Sweden,
Germany, and the Netherlands, the ReCreate project [13] is currently in progress.
This research initiative investigates the feasibility of transitioning from a traditional
build-and-demolish approach to a model where elements from dismantled structures
are repurposed to construct new buildings. As the project is still under development,
further details and results are not yet available.

Structural components: Timber. “Building elements of higher category can be
often separated into several elements of lower category. Even though the higher
category elements have typically higher value than their parts together, the separation
would make sense, because it may be more difficult to find a suitable application of
higher category elements. The re-using complexity depends on many factors” [29]:

(a) the substantial weight of certain elements may employ difficult handling,
(b) architects may deem design modifications necessary,
(c) cleaning/separation or disassembly/reassembly processes may be required,
(d) revised or new structural designs are needed,
(e) adaptation to alternative applications should be evaluated,
(f) quality/geometry assessments are needed, particularly for smaller pieces lacking

documentation.
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Hradil’s research [29] underscores the critical role of time in the entire construc-
tion process, encompassing design, construction, deconstruction, and reuse. This
study highlights that time directly translates into both labour costs and environmental
impact, positioning it as a decisive factor in the move towards circular construction
models within the building industry chain. The implementation of a comprehensive
DfDR strategy demonstrably contributes to time optimisationwithin the construction
process. This approach facilitates expedited decision-making, enhances the efficiency
of element categorisation based on size and complexity, streamlines disassembly
procedures, promotes the timely identification of optimal reuse opportunities, and
expedites the reconstruction phase, resulting in significant time savings across the
entire project lifecycle.

The implementation of a successful design for deconstruction and reuse (DfDR)
strategy is contingent on a nuanced understanding of several key factors, primarily
the ‘scale’ of the element under consideration. This scale encompasses both the size
of the individual element and the size of the intended reuse unit. For example, the
complexity of deconstructing and reusing structures changes based on the design.
Choosing to reuse entire volumes presents different hurdles than focussing on
individual planar components. Similarly, the deconstruction of stud-and-chipboard
units versus CLT elements involves tackling distinct challenges. Deconstructing a
stick-frame building to reuse separate studs involves distinct issues compared to
other systems. These challenges include meticulously separating the studs without
damaging neighbouring elements, managing the sheer number of smaller compo-
nents, and ensuring their viability for reuse. The implementation of design for decon-
struction and reuse (DfDR) strategies requires careful consideration of a multitude of
interrelated factors. These include the scale and typeof the building that is deconstruc-
tion, the intended objectives of the reuse process, the perceived quality and potential
resale value of the salvaged elements (whether planar, modular or individual), the
inherent ease of disassembly associated with different materials and joint types, the
feasibility and cost of transportation, and the associated labour costs. By comprehen-
sively evaluating these factors, stakeholders can make informed decisions regarding
themost appropriate DfDR approach for each specific project, maximising the poten-
tial for resource conservation and promoting the reuse of valuable building materials
beyond commonly used options such as slates and bricks.

The implementation of design for deconstruction and reuse (DfDR) strategies in
the context of timber construction requires a flexible and adaptable approach. This
requires moving beyond a one-size-fits-all model and tailoring the DfDR principles
to the specific characteristics of the elements under consideration. A three-tier frame-
work can be used to guide this adaptation, which includes Level 1 (linear elements,
such as studs, joists and trusses), Level 2 (planar units, such as walls, floors, and
roofs), and Level 3 (volumes, such as rooms or entire buildings).

Level 3 deals with buildings as complete volumes in DfDR for timber. Such
structures can be deconstructed and reused either on the larger scale of entire units or
broken down into smaller components such as walls and floors, allowing for adapt-
able reuse based on project needs. Level 2 delves into timber structures composed of
planar elements such as walls, floors, and roofs. Here, the emphasis lies on exploring
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various DfDR strategies to disassemble and reuse these individual components with
maximum effectiveness. Level 1 within the DfDR framework for timber construc-
tions applies familiar principles found in traditional light-frame stick building prac-
tices. However, post and beam systems introduce additional considerations due to the
frequent use of engineered timber elements. These elements often possess unique
shapes and configurations, such as portal frames commonly used in sports halls,
industrial buildings, and commercial structures. The aim of retrieving larger compo-
nents during deconstruction presents several compelling advantages. Each additional
dismantling step requires increased time, labour, and equipment, leading to higher
costs and associated greenhouse gas emissions.

Examples:

Level 1: A building that can be reused: Brummen Town Hall [52]

Opened in 2013, the town hall stands as a testament to sustainable design, earning a
Dutch Award for Sustainable Architecture. Its architectural concept bridges gener-
ations, meticulously preserving its historic foundation (dating back to 1890) while
seamlessly integrating a contemporary, modular space beneath a captivating glass
roof.Approximately 90%of thematerials utilised in the recently constructedmodular
addition exhibit the remarkable capability of being dismantled and subsequently
reused. Furthermore, the adoption of a modular design strategy not only facilitated
a significant reduction in the overall construction timeframe but also contributed to
the environmentally responsible approach employed in the building expansion. The
existing structure incorporates a foundation dating back to 1890, serving as the histor-
ical cornerstone of the building. This foundational element will remain preserved and
unaltered even after the dismantling of the recently constructed circular extension
(Fig. 5.7). Equipped with the first materials passport, the town hall transforms into a
transparent “depot” revealing the history and future potential of every element, some
already earmarked for a new purpose. Collaborating with suppliers from the begin-
ning streamlined the sourcing of recycled and recyclable materials, contributing to
the high degree of circularity of the building. The initial decision to utilise thicker
wooden beams, rather than adhering to a “less is more” mentality, prompted a pivotal
realisation within the project team. This experience illuminated the inherent differ-
ences between key performance indicators (KPIs) employedwithin a linear economic
model, focused onminimisingmaterial usage, and those essential for successwithin a
circular economy framework, which prioritises durability, reusability, and the poten-
tial for future use cycles. This shift in perspective underscores the crucial role of
re-evaluating traditional metrics and establishing new, circularity-aligned KPIs to
facilitate responsible resource management and achieve long-term sustainability
goals within the construction industry. Implementing the concept of a novel mate-
rials passport faced hurdles in customer persuasion and supplier data accessibility,
reflecting the challenges inherent in pioneering sustainable practices.
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Fig. 5.7 Brummen Town Hall (photo source https://www.rau.eu/portfolio/gemeentehuis-bru
mmen/)

Level 1 and 2: Fielden Fowles Architecture Studio [53]

This demountable studio, crafted from sustainable Douglas fir timber and clad with
rugged corrugated bitumen sheets, minimises cuts, waste, and optimises resource use
through a carefully chosen 2440mm internal datumand 1830mmstructural grid, util-
ising full and three-quarter plywood sheets to perfection. The internal walls employ
610mm plywood boards, corresponding precisely to a quarter of a standard plywood
sheet. The structural framework utilises paired beams and columns measuring 300
× 600 mm, all supported by a modular grid system defined by 1800 mm (for primary
beams), 600 mm (for purlins), and staggered 2400 mm (for noggins) spacings. This
strategic alignment seamlessly integrates with the plywood butt joints, minimising
material waste and facilitating efficient disassembly. Additionally, the inclusion of
steel T-sections for window frames further exemplifies the focus on both structural
integrity and adaptability, highlighting the design’s commitment to sustainability
and future-proof functionality (see Fig. 5.8). Although initially set for a specific
lease period, this structure is designed to be dismantled and reassembled elsewhere,
offering long-term possibilities beyond its current location.

Level 2: Temporary Market Hall, Östermalm, Stockholm [54]

Fig. 5.8 Fielden Fowles architecture studio (photo source https://www.woodawards.com/portfo
lio/feilden-fowles-studio-2/)

https://www.rau.eu/portfolio/gemeentehuis-brummen/
https://www.woodawards.com/portfolio/feilden-fowles-studio-2/
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Fig. 5.9 Temporary Market Hall, Östermalm, Stockholm (photo source https://hicarquitectura.
com/2017/03/tengbom-ostermalms-temporary-market-hall/)

During the refurbishment of the existing market hall, in 2017, a temporary solution
was implemented to shelter the traders. The façade utilizes untreated cedar cladding
on plywood at the lower level, while the clear-storey incorporates modular polycar-
bonate sheeting for ample natural light. Internally, the structure remains exposed,
showcasing a visually striking latticework of glulam beams supported by columns
constructed from cross-laminated timber (CLT) (see Fig. 5.9).

This building uses a modular mounting system, which facilitates efficient erection
and dismantling for potential reuse at alternative locations. The sustainable choice
of timber construction results in a lightweight structure that minimises the need
for heavy foundations. The roof structure is comprised of sturdy 1.2-m LVL beams
supported by glulam columns, offering a robust and weatherproof solution.

5.4 Ease of Recycling

Significant greenhouse gas emissions associated with the production of building
materials, notably cement, steel, aluminium, glass, and insulation materials,
contribute substantially to the embodied carbon footprint of buildings, highlighting
the need for sustainable construction practices that minimise this environmental
impact.

Steel. If steel elements are not reclaimed for reuse, a recycling strategy is generally
followed for steel elements from construction. Recognised as themost recycledmate-
rial globally, steel exhibits remarkable circularity within the construction industry.
This assertion is supported by the European Steel Association’s 2012 survey, which
analysed steel recovery rates from building demolition sites, revealing a significant
percentage of material being salvaged and diverted from waste streams. The average
recycling rate for steel across all products was found to be 92%. Taking into account
all steel products, also those products that are not used in construction, a recycling
rate of 85% is realised.

Since steel scrap has a financial value, it is generally not landfilled. For post-
consumer scrap, the recycling loop starts in the end-of-life of a steel element. The

https://hicarquitectura.com/2017/03/tengbom-ostermalms-temporary-market-hall/
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lifetime of a steel product in construction or infrastructure can vary from 50 to100
years. If it’s not intended to reuse the steel elements, they are reclaimed to enter the
recycling loop. Big metal recycler collect scrap and process it, to sell it again to the
steel industrywhere it’s used as input for new steel production. The processingmainly
consists of shredding, or shearing of the steel elements, to sort them and remove
plastics or non-ferrous materials. Large beams are cut with a high-temperature torch
cutter, to assure an easy handling.

Steel recyclers are constantly upgrading their (mechanical) sorting systems to
assure reliable and homogenous scrap qualities. Steel scrap comes not only from
demolitions sites, but also from ferrous consumer goods (e.g. washing machines,
vehicles etc.). It is fromhighest importance that the sorted steel scrap is not containing
high amounts of copper, which could contaminate the required chemistry for steel
grades in the new production. Steel is 100% recyclable and can be infinitely recycled
without loss of properties. This means that no ‘downcycling’ occurs, even when
steel is recycled repeatedly. It is a truly circular material. Every steel plant is a
recycling plant, as steel scrap is used in the production. Besides, by-products from
the production like slag or dust are used in many other industries, which leads to an
overall efficiency of 97.5% in the steel industry. Slag is widely used in the concrete
industry, where it’s defined as secondary cementitious material (SCM) and allows
to create low carbon concrete. The use of SCM is for the moment the only way to
decarbonise the cement mixture on an industrial scale.

Concrete. Themanufacture of cement, characterized by its energy-intensive chem-
ical processes, contributes significantly to greenhouse gas emissions, depletes natural
resources like sand, and negatively impacts ecosystems. Cement, the critical binding
agent in concrete, stands out as the material requiring the highest energy input during
production, contributing significantly to the overall environmental impact of the
concrete industry [55]. Its manufacturing process currently accounts for a 3% of
global energy consumption [56].

Concrete recycling is the process of reusing crushed and recycled concrete mate-
rials in various construction projects. It is an environmentally sustainable practice
that helps reduce the demand for new concrete production and minimises waste
disposal in landfills. However, recycling concrete is an energy-intensive process.

Recycled concrete has established itself as a valuable source of aggregate, demon-
strating successful applications in various contexts, including granular subbases,
soil–cement, and even new concrete production. Notably, these repurposed materials
are classified into two distinct categories:

1. Recycled Aggregate (RA), and
2. Recycled Concrete Aggregate (RCA).

Below it will be shown some benefits of concrete recycling and the various
methods used in the recycling process.

One of the primary advantages of concrete recycling is the conservation of natural
resources. The use of crushed concrete as aggregate offers a significant environmental
advantage by reducing the need for the extraction and processing of virgin raw
materials such as gravel, sand, and cement. This approach contributes to resource
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conservation, reduces the environmental footprint associated with mining activities,
and even alleviates the demand for energy-intensive cement production.

The implementation of concrete recycling practices presents another environ-
mental benefit, such as reducing the amount of waste deposited in landfills. Concrete
waste can take up significant space in landfills and its disposal can be costly. By
recycling concrete, the volume of waste sent to landfills is reduced, contributing to
a more sustainable waste management system.

The concrete recycling process involves several steps. The first step is the collec-
tion and transportation of concrete waste to a recycling facility. Once at the facility,
the concrete is crushed into smaller pieces using heavy machinery. The crushed
concrete is then screened to remove any contaminants or debris.

After the initial processing, the crushed concrete is further processed to create
recycled aggregate. Recycled aggregate can be used in various construction applica-
tions, such as road base, drainage systems, and as a substitute for natural aggregate
in new concrete production. The quality of recycled aggregate is tested to ensure it
meets the required specifications and standards.

In addition to recycling concrete as aggregate, it is also possible to recycle the
cementitious materials present in concrete. This process, known as cementitious
material recycling, involves separating cement paste from the aggregate through
mechanical or chemical methods. The recovered cementitious materials can then be
used in the production of new cement or other construction materials.

In conclusion, concrete recycling is an essential practice that promotes sustain-
ability in the construction industry. By reusing crushed concrete as aggregate or
recycling cementitious materials, natural resources can be conserved, reduce waste
in landfills, and minimise the environmental impact of concrete production.

5.5 From Recycling to Upcycling

Steel. Construction industry is using more and more high-strength steel (up to S700)
to assure lightweight, durable, environmentally friendly, and efficient steel structures.
Steel scrap is used as input in every steel production route. In the Blast Furnace
route currently up to 20%, and in the Electric Arc Furnace route up to 100% is
used. Decades ago, the used steel grades were less efficient (up to S275), however
exactly these steel elements are now entering the recycling loop and are used for new
production. To achieve high-strength steel grades, alloying elements may be added
to this steel scrap.

Steel stands out as a uniquematerial because of its closed-loop recycling potential.
Unlike most materials, which experience some level of degradation during recycling,
steel retains its strength and quality indefinitely, allowing it to be perpetually reused.
In particular, the recycling process can even enhance its strength and value (it can be
“upcycled”) in certain applications, further highlighting its sustainability credentials
within the circular economy. As a result of a high demand for high-strength steel,
steel scrap is achieving higher quality, and this phenomenonwill continue to develop.
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Timber. Upcycling of timber is a creative and environmentally friendly approach
to repurposing discarded or old wood materials into new and useful products,
rather than sending them to landfills or incineration. The practice of reusing timber
contributes significantly to environmental sustainability by reducing waste genera-
tion, conserving natural resources, and minimizing the carbon footprint associated
with the production of new wood products.

Other promising avenues for the use of recycled secondary wood in pre-
fabrication, modular construction, and methods for the design of demountable wood
products have been identified. The utilization of large cross-laminated timber (CLT)
panels often presents challenges due to their size. Fortunately, deconstruction tech-
niques allow panels to be disassembled and cut to desired lengths, facilitating their
repurposing in various construction applications. Although a small amount of waste
is unavoidable, the implementation of efficient deconstruction processes and the
exploration of creative reuse strategies can significantly reduce its impact. To fully
maximise the environmental and economic benefits of sustainable construction prac-
tices, it is essential to provide readily available guidance on both materials’ disas-
sembly methods at the end of their initial life cycle and potential reuse applica-
tions in subsequent projects. To encourage a closed-loop economy, manufacturers
or main suppliers could offer take-back programs for end-of-life products, enabling
their reclamation and reintroduction into the market. The certification of upcycled
secondary timber presents several unique challenges. First, the visual quality of
the material often varies significantly compared to cross-laminated timber (CLT)
produced from virgin wood, making the adherence to established aesthetic standards
difficult. Secondly, the inherent flammability of wood requires the implementation
of robust fire safety measures to meet the certification requirements.

5.6 Efficient Waste and Circular Resource Management

Steel.Only a small part of steel elements from construction industry is not recycled or
reused. In average it’s about 4%, that aremainly generated by rebars or light structural
steel. For heavy structural sections a survey shows a 100% reuse and recycling rate,
hence no landfill is generated [57]. Compared to other construction materials, steel
in construction generates no or only small amounts of waste. The production phase
of steel is also minimizing waste, as by-products are used in several other industry
sectors.

Steel and metal recycler treat steel scrap from different sources. As consumer
goods can contain as well non-ferrous elements, these are separated from the ferrous
elements and fed to their own recycling chain (e.g. copper, plastics).
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