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Amid escalating concerns over CO2 emissions, resource depletion, and waste
generation in construction, reusing building elements from obsolete structures
presents a sustainable solution. This paper critically reviews 21 procedures used
in Europe and the United States (2001-2021) for identifying and evaluating
reusable elements prior to transformation projects. Developed by various
stakeholders with differing goals, these procedures propose diverse approaches.
The study provides a comprehensive overview of their purposes, evaluation
criteria, data requirements, and timeframes. Comparative analysis reveals
subjectivity in data inputs and a lack of consensus on the comprehensiveness
required for effective evaluation. To move from recycling to reuse, the criteria
must expand to include projective values, deconstruction processes, and
second-use planning. These aspects are essential for assessing the availability,
deconstruction, and reuse potential of building elements. The findings offer key
insights for developing standardized, adaptable, and automatable assessment
procedures that can facilitate efficient and effective reuse practices in
future projects.

reuse, deconstruction, reverse logistics, assessments, procedures, United States, europe

1 Introduction
1.1 Context: from recycling towards reuse

The systematic reuse of components originating from obsolete buildings reduces
pressure on landfill sites and the need to produce new components, which is generally
expected to decrease greenhouse gas emissions and pressure on finite resources (Baker-
Brown, 2019; McDonough and Braungart, 2010; Ghyoot et al., 2018; Nakamura and Halada,
2015). Nevertheless, reuse rates are still low today - Pristera et al. (2024) estimates European
rates below 15% when reuse potential can be up to 80% - and most current policies focus on
limiting the impact of building operations, overlooking the significant savings that a more
circular construction sector could bring (Mata et al., 2020).

When aiming at increasing material circularity, most regulatory frameworks — with the
notable exception of the European Commission’s Waste Framework Directive 2008/98/EC
that prioritizes preparing for re-use as the second-best option after waste prevention
(European Parliament, 2008) - still favor recycling processes and better management of
demolition waste over the reuse of whole components (Defra, 2019). While beneficial
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FIGURE 1

From rise to fall: typical life cycle of a building and the end-of-life of
its elements.

in diverting waste from landfills, recycling is energy-intensive and
imposes significant environmental burdens regarding greenhouse
gas emissions and other impacts (Addis, 2006). Reusing materials,
in contrast, is generally associated with minimal material
reprocessing, lower energy demands, and greenhouse gas emissions
(Gorgolewski et al., 2008). For instance, the environmental impact
of using new steel sections with 60% recycled content is still 25
times higher than reusing equivalent reclaimed steel sections
(WRAP, 2008). Reusing reclaimed structural steel or timber sections
can reduce environmental impacts by 96% and 83%, respectively
(Lazarus, 2003; Briitting et al., 2019).

When considering a conventional life-cycle of a building
(Figure 1), the generation of elements for reuse is not natural. For
this to be achieved, an additional operation must be implemented
following the building’s obsolescence, as this condition does not
inherently signify the end-of-life of its components. Consequently,
enabling reuse necessitates deconstruction rather than conventional
demolition. When it is not feasible to adapt and reuse an entire
building, the focus should thus shift to the reuse of individual
elements rather than recycling. However, in practice, the traditional
demolition methods currently lead to the creation of waste, which,
in the best cases, is subsequently recycled. As shown in Figure I,
introducing deconstruction into this scenario alters the sequence.
The introduction of the deconstruction process allows Elements and
Reuse consideration. With Demolition, the actual system passes
from building to waste and matter. The only way to follow policies’
incentives towards reuse is by introducing deconstruction.

Paradoxically, despite the proliferation of overarching circular
policies (Ellen MacArthur Foundation, 2013; European Commission,
2015), a notable dearth of specific assessments and frameworks
designed to guide practitioners in the practical implementation
of deconstruction and reuse initiatives exists. This underscores
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a critical gap in the current understanding and application of
sustainable construction methodologies. It calls for a more in-
depth exploration of the existing and various methods developed
by practitioners to bridge this gap between policy formulation and
implementation in the field.

1.2 Background: context and goals of reuse
potential assessments

Once a building or a part of a building is deemed obsolete, rather
than considering its end-of-use solely, the owner generally organizes
its end-of-life by contracting a demolition company that aims to
dispose of the considered waste as profitably as possible. Due to
economic reasons and an inertia toward a change of habits, current
demolition practices generally favor the quick crushing, melting,
shredding, or burning of the building pieces. In this context, reuse
potential assessments are meant to be performed before demolition
happens in order to replace it with a more careful deconstruction
and storage of the building components that are worth reselling
and reusing. Currently, there is no specific profession dedicated
to this task. Unlike the well-established assessments of thermal
and acoustic performance and or related to the compliance of
buildings and their systems, expertise in deconstruction and reuse
is generally gained from within the practice and not provided by
educational programs. Existing tools, methodologies, and training
programs support performance assessments, but similar resources
for deconstruction and reuse are lacking.

Current regulations touching post-obsolescence assessments
generally focus on how to sort the waste generated when buildings
are demolished, on the basis of the composition of materials
alone, with the aim of efficiently supplying the various recycling
channels. Criteria for evaluating a recycling potential, however,
differ fundamentally from those for reuse potential. As depicted in
the previous section, political measures fail to provide guidelines or
methods for implementing their ambitions. The scientific literature
is therefore explored in search of theoretical contributions that
will enable proper, generalizable assessments of deconstruction and
reuse potential.

1.3 State-of-the-art: theoretical
groundwork for a comprehensive
procedure

Research has been conducted to understand the reuse of
building elements at the end-of-life of existing buildings and to
evaluate their potentiality in new constructions (Rakhshan et al.,
2020). Various approaches have been explored. Previous studies
have focused on identifying the mechanical and dimensional
properties of the components, using non-destructive testing
techniques (Devenes et al., 2023), and some even develop automated
recognition algorithms (Cavalli et al, 2016; Fujita and Kuki,
2016; Yeung et al, 2015). Other research addressed the reuse
potential of elements and sought to identify barriers and drivers
in processes, networking environments, stakeholder chains, or
regulatory context (Gorgolewski, 2008; Rakhshan et al., 2020;
Condotta and Zatta, 2021; Hobbs and Adams, 2017; Jabeen, 2020).
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Obsolescence contextualized within the overall building construction industry framework, from production to the end-of-life.

For instance, TG39 et al. (2000), a comprehensive collection of
global scientific literature summarizes the deconstruction and
reuse policies implemented in various countries worldwide. Some
studies explore ways to attribute values, such as environmental or
recycling aspects (Saghafi and Teshnizi, 2011; De Wolf et al., 2020).
Digital material banks are also developed to stock data on existing
components and material properties promoting future reuse (Cai
and Waldmann, 2019; Durmisevic et al., 2017; Arora et al., 2020;
Akanbi et al., 2019; Laefer and Manke, 2008; Heisel et al., 2022).

To summarize, the existing scientific literature concerning
reuse practice has mainly focused on two areas. The first area
concerns the broader aspects of reuse, such as the economic
implications of deconstruction, identification of barriers and drivers,
et cetera (Gorgolewski, 2008; Rakhshan et al., 2020; Condotta
and Zatta, 2021). The second area explores specific technical
facets, such as generating information, tools for data collection,
or establishing values being technical, dimensional, environmental,
circular ...(Durmisevic et al., 2017; Arora et al., 2020; Heisel et al.,
2022; Fujita and Kuki, 2016; Yeung et al., 2015). However, a
critical research gap remains in the examination of the current
implementation of deconstruction and reuse practices. How, at a
practical level, are deconstruction and reuse achieved? Surprisingly,
the field lacks insights into the procedures or methodologies
currently applied.

Aside from the scientific literature, Guy, (2006) describes,
analyzes, and develops methodologies for deconstructing American
buildings safely. Interreg, (2019) provides a synthesis of elements-
reuse-assessment used by cities and architects in Europe. No study
about deconstruction methodology or assessment procedure is
found outside these two documents. A comprehensive investigation
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into existing operational practices, methods, tools, subsequent
analysis, and the identification of areas for enhancement, essential
for advancing the methodologies of deconstruction and reuse, are
notably absent, especially in the academic discourse.

1.4 Objectives

The objective of this article is to understand better the needs and
requirements to efficiently plan the deconstruction of an obsolete
building in view of the constitution of a stock and further reuse
of its components, which is revealed as a missing sequence in
Section 1.1 and illustrated in Figure 1. To do so, the study generates
an informed critique of the existing audits, from maintenance
to waste assessments, as illustrated in Figure 2, highlighting their
strengths and weaknesses and suggesting areas for improvement
with a particular focus on deconstruction. This is done by analyzing
and comparing the objectives of the collected procedures concerning
elements’” reclamation, the nature of data typically collected, and
the stakeholders involved in initiating, conducting, and exploiting
such procedures. The study investigates specific facets such as
conditions favoring deconstruction over demolition, the criteria
employed to evaluate the potential for reuse, and whether they
align with broader procedures or are unique to the domain of
deconstruction and reuse.

1.5 Scope

As shown in Figure 2, each building element is assessed and
controlled several times during its lifespan, either individually or as
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FIGURE 3
Paper overview as described in 1.7: Paper organization.

part of the building. This study focuses on improving or introducing
deconstruction goals within the obsolescence phase, represented
in blue. The scope of the study goes beyond the obsolescence
phase to encompass maintenance and end-of-life procedures while
including considerations of various scales, from the building system
to the element. Abandoned or damaged buildings following fire,
flooding, or explosions are not included. Toxicity and thermal
performance assessments are specific evaluations assumed to be
completed beforehand. Criteria concerning suspicion of toxicity of
an element are considered, but toxicity audits with criteria requiring
specific technical equipment are excluded. The study disregards
the assessment of elements designed for disassembly, focusing on
current empirical assessments, nor delves into Life Cycle Assessment
(LCA), considering they help to convince or compare, not to act.
While the study includes recycling or waste sorting assessments,
the analysis focuses solely on data relevant to deconstruction or
reuse potential. Also, all existing assessment procedures reviewed
in this study assume the non-existence of a pre-existing Building
Information Modeling (BIM) representation.

1.6 Limitations

One of the limitations of this study is that the corpus of
reclamation audits is predominantly based on developed-country
models, which may limit the generalizability of the findings
to regions with different socio-economic contexts or building
practices. Future research should aim to include a more diverse
range of countries to ensure a broader representation of global
practices. Additionally, the study is limited to English, French, and
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German texts. This language restriction may have excluded relevant
information published in other languages, leading to potential
language bias in the analysis. Including texts in a wider range
of languages would enhance the cross-cultural applicability of
the research.

Another limitation is the corpus’ reliance on text-based sources.
By focusing solely on written materials, important unwritten
practices or tacit knowledge that could influence reuse potential
assessments may be missed. Incorporating non-textual sources,
such as interviews, case studies, or field observations, would
provide a more comprehensive understanding of the subject.
Furthermore, the corpus is collected solely from Internet sources.
Relying on freely available online content may have introduced
sampling biases, as not all relevant materials may be easily
accessible online.

1.7 Paper organization

Section 1.1 highlights current efforts toward circular practices
in the construction sector, primarily focusing on recycling.
This study posits the necessity of incorporating deconstruction
processes to alter obsolescence phases, thereby transitioning
from recycling and landfilling towards reuse, illustrated in
Figure 1. However, there is a critical lack of guidelines in policy
formulations and gaps in scientific considerations - contextual
or technical specific, as seen in Section 1.2. This leads to
the study (Section4) of in-practice workflows (Section 3) to
improve/introduce deconstruction consideration (Section 5.1)
within the obsolescence phase (Section 1).

frontiersin.org


https://doi.org/10.3389/fbuil.2025.1511109
https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org

Lambec et al.

Figure 3 summarizes the paper’s organization. First, Section 3
offers a detailed description of the corpus. It lays the foundation
for understanding the various procedures examined in this
study. Section2 outlines the overall method. To process a
multidimensional comparison between all procedures composing
the corpus, a graph embodying defined parameters synthesizes each
procedure. Parameters — defining inputs, outputs, and processes —
are created based on constituents from the assessments of the corpus,
illustrated in Figure 4. Section 4.1: Settings defines the constituents
of the parameters. These constituents are sorted, compared, and
analyzed to identify similarities or contradictions within parameters.
Section 4.2 conducts a detailed comparison of parameters across all
procedures. Section 5.1 evaluates the identified gaps and strengths,
suggesting potential enhancements. Finally, Section 5.2 discusses
overarching considerations regarding reuse assessments. It provides
a broader context for the study’s findings and recommendations.

Given the extensive use of specialized and overlapping
terminology throughout the paper, a glossary of key terms is
provided in the 9. Supplementary Material to support clarity and
consistency.

2 Methodology
2.1 Overview

First, an internet tree search is conducted to compile the corpus,
as summarized in Figure 5 Since search engine queries rarely yield
direct references, initial searches focus on mentions in guides,
reports, or text collections. The corpus is considered complete once
all newly found evaluations match a pre-selected equivalent.

Then, a comprehensive multidimensional comparative study
is developed to compare inputs, outputs, and processes of audit
procedures. This study posits that the outputs, inputs, and processes
define purposes, responsibilities, and decision criteria. As shown
in Figure 4, each of those components is embedded by the chosen
medium, the Stakeholders involved, and the information types used.
The outputs are determined by three aspects: DATA, OBJECT, and
AIM. The inputs correspond to three roles: CREATOR, ASSESSOR,
and AUDIENCE. Processes contain three categories of criteria:
VALUES, Processes & Management (P&M), and Second Use &
Implementation (SU&I). These are parameters used to create
synthesis graphs. This decomposition and graphic expression allow
for a concurrent comparative analysis to identify commonalities,
differences, and gaps in current practices. Comparisons are
elaborated at diverse levels: first, constituents and then parameters
within each component corresponding to Section 4.1; second,
constituents and parameters of different components to finish with
overall procedure comparisons in Section 4.2.

To finish, the first author of this paper, a heritage specialist
and condominium architect with over 6years of experience,
has inspected numerous existing buildings in Paris, conducted
audits, and supervised maintenance and transformation projects for
around 100 buildings. Based on her extensive practical experience
and thorough examination of the procedures included in the
corpus, she identified the procedures as incomplete. Her in-
depth understanding of existing buildings and her onsite expertise,
combined with the descriptions and recommendations in the
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deconstruction guides, allowed her to critically analyze the study’s
data and highlight its deficiencies. The second author, an engineer
with significant site experience, concurred with the first author’s
observations, affirming the validity of the points raised.

2.1.1 Corpus constitution

The constitution of the corpus was executed in 2021.
As drawn in Figure 5, three steps have been necessary to achieve
it. First, a search within the scientific literature, namely Google
Scholar, Scopus, and Web of Science, proved fruitless. The search
uses the keywords “deconstruct™;” “polic*” and “build*”” Second,
an extended search on mainstream engines, namely, Google and
Ecosia, procures four references. To refine the results, the search
query has been expanded to include the terms “assessment”

>

or “diagnos®” and later “ordinance” Third, in-depth research
within the references leads to targeted querying of legislative
texts or tools’ names, reading other texts from quoted authors,
or exploring governmental websites and regulations of mentioned

cities/countries.

2.1.2 Comparative analysis framework

The study involves observing the corpus’ procedures medium,
stakeholders, and information types that determine inputs, outputs,
and processes. Procedure constituents are grouped into parameters.
To allow concurrent comparisons, graphs are created for purposes
(outputs), responsibilities (inputs),
constituents of procedures. Taxonomies are established to sort

and criteria (processes),

the words used in titles as well as the stakeholders™ roles. Each
constituents’s graph is represented in Figure 4. The following
paragraphs give detailed descriptions of each constituent.

Assessment results are supposed to be determined by the
purpose for which a procedure is designed and implemented. The
wording of the procedure titles is used to define their purposes
according to three aspects: DATA, AIM, and OBJECT. DATA
informs the quantity of required information and the complexity
of the procedure. AIM defines the goal of the assessment, whether
for waste management or reuse planning. Finally, OBJECT is
the focus of the procedure, which can be waste, material, or
elements. As seen in Figure 4, each of these aspects is represented
by a blue axis in the spider graph. Using the corpus, a list
of possible wording is established and hierarchized for every
aspect. DATA is composed of Worksheet, Information, Form,
Summary, Plan, Inventory, Characterization, Audit, Diagnostic, and
Assessment; AIM of Reduct”, Divers™, Recycl”, Renovat™ /rehabilitat”,
Deconstruct”, Availab*, Salvag”®, Resourc*, Reus”(the*include all
declination in -ing or -tion or -e et cetera.); OBJECT of Waste,
Debris, Construction and Demolition (C&D), Deposit, Material, and
Element. The words most related to reuse are placed further from
the center of the graph. Section 4.1.1 gives a detailed definition of
each wording.

The responsibilities are defined by the stakeholders responsible
for different phases of the procedure. Three key roles are defined:
AUDIENCE, CREATOR, and ASSESSOR. These roles play a crucial
part in shaping the procedure and exert influence on its development
and implementation. The AUDIENCE determines the specific needs
and objectives for which the procedure is designed and later uses the
information gathered through the procedure. Its aims and interests
influence the aspects that are prioritized or denied in the procedure,
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Methodology. Procedures decomposition leads to graphical representation and vocabulary used in this paper.

which consequently shapes the choice of input data. The CREATOR,
based on the needs defined by the AUDIENCE, develops the
procedure. The creator is responsible for designing the framework,
including data capture, categorization, and output values type. The
more precise and quantifiable the definition of needs, the more
obvious and specific the input data will be. Finally, the ASSESSOR
implements the procedure in actual projects to collect and generate
the necessary data that satisfies the AUDIENCE’s needs. In Figure 4,
each of these parameters is represented by a red axis in the spider
graph. Using the corpus, a list of possible stakeholders - Owners,
Contractors, Architects/Engineers, Scientists, Local authorities, and
National authorities - is created and hierarchized along the axis
according to their level of involvement and impact, ranging from
individual to collective influence.

The criteria are defined by the information type required
in the assessment procedure. After compiling entries from
the procedures of the corpus, they are grouped into common
themes. These entries are further classified as either descriptive
- focusing on the existing building and its components - or
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projective - related to the deconstruction project and the future
use of reclaimed elements. For each illustration of procedures,
entries are visually represented by green circles in the spider
graph. A more detailed analysis of the entries then distinguishes
three categories of entries: Values, Processes and Management
(P&M), and Second Use and Implementation (SU&I), represented
with different type lines in the graphs. The Values category is
composed of data valuing, rating, and measuring elements. The
P&M category examines the practical aspects of deconstruction and
reuse, including the logistics, planning, and management strategies
required to effectively salvage elements. Finally, the SU&I evaluates
the feasibility and practical application of reusing salvaged materials
in new construction projects.

These
criteria are finally overlaid, providing a comprehensive view

representations of purpose, responsibility, and
of all parameters and constituents. Additional details such
as localization (United States/EU)

also included, enabling a simultaneous understanding across

and effective year are

multiple dimensions.
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FIGURE 5
Corpus constitution. Detailed tree-search. Numbers on the rights are used to name the procedures of the Corpus. A detailed description is
available in Supplementary Table SA1.

2.2 Corpus creation selection of four documents that directly align with the topic of
this research, as represented in Figure 5. Two texts, Crowther (2000)

First, a detailed research description is proposed in the next  and Schultmann and Rentz (2000), are encompassed within the
chapter and summarized in Figure 5. Connections between the  collection of TG39 et al. (2000), already mentioned in Section 1.3.
various readings that led to more in-depth research in a targeted  The fourth text, Chini & Bruening, (2003), primarily focuses on
country are described and represented. Then, the selected corpus  policies related to the United States. Through the extended search,
is described, highlighting the breadth of considerations included  the Environmental Protection Agency (EPA) website emerged as a
to qualify the obsolescence phases. This search yielded a concise  highly recommended resource for this study, providing a multitude
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of guides and pertinent information. The US Green Building
Council report (USGBC, 2019) sourced from the EPA website
offered insightful details pertaining to the cities of Portland and
San Antonio, while also referring to the document published by
the National Association of Home Builders (NAHB, 2001), which
sheds light on the Milwaukee ordinance. The Milwaukee ordinance
is one of the numerous legislations referenced in the Delta collection
(DELTA, 2018). The examination of the Delta collection led to
the meticulous selection of more references. Additionally, the
comprehensive guide authored by Brad Guy (Guy, 2006) emerged
as an essential inclusion in this study. Moreover, the comprehensive
synthesis provided by Interreg, (2019) encompassed a range of cities
and methodologies.

The corpus’s procedures are deliberately chosen to cover a broad
spectrum of purposes as shown in Figure 6. The corpus, therefore,
takes into account the assessment of components integrated into the
building, the feasibility of deconstruction, the potential for reuse of
elements and waste, and waste facilities certification requirements.

Some procedures (in grey in Figure 5) mentioned in the
important references (USGBC, 2019; NAHB, 2001; DELTA, 2018;
Interreg, 2019) were not available to the authors by the time of
this study and, therefore, discarded, such as The Reuse People
of America’s inventory template, which was made available on
2nd May 2024, within the Palo Alto Municipal Code Section 5.2.4
(City of Palo Alto, 2024). Other procedures were discarded when
considered very similar to the ones already included in the
corpus. For example, Boulder is proposing a procedure judged
similar to the P17 (City of Chicago, 2007a) only to acquire
a Green Building certificate. The reuse potential assessment
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tool from BAMB (Rose and Stegemann, 2018) evaluates the
reversibility of assemblage designs. This assessment tool has been
considered out of scope as this study focuses on existing building
deconstruction and the assessment of a stock of reusable elements.
The BBSM tool (Gobbo et al., 2019) assesses renovation strategies
based on only three types of buildings, and this is considered out of
the scope of this study.

3 Corpus constitution
3.1 Corpus description

Supplementary Table SA1, describes and numbers each
procedure. This study pays particular attention to the wording
of the titles (see Section 4.1.1), so a specific column is composed
in Supplementary Table SA1 to make this feature obvious.
Additionally, a detailed description of each procedure is made,
including the number of themes and criteria (see Section 4.1.3 for
terminologies). 21 procedures compose the corpus, encompassing
a selection of 326 criteria. Procedures composing the corpus,
referenced as Homegrade (2019), is P1, ROTOR (2015) P2, Interreg
(2019) encompasses procedure P3 made by Brussels Environment,
procedure P4 made by GRO and procedure P8 from Bellastock,
LIST (2018) is P5, Flourentzou et al. (2001) has developed EPIQR+
named P6, Devénes et al. (2024) P7, the procedure developed
by ADEME (2021) is P9, the one of the European Commission
(2018) is P10, EPA (2015) P11, Guy et al. (2003) P12, the
procedure of the

Seattle Department of Construction and
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Inspections (2014) is P13, City of San Mateo, (2017) P14,
City of San José (2001) P15, Los Angeles County (2005) P16,
City of Chicago (2007) P17, Fitchburg public works, (2015) P18,
City of Madison (2010) P19, City of Shoreline (2018) P20 and the
procedure of the City of Chicago (2007b) is P21.

Existing procedures from France, Belgium, Switzerland,
Luxembourg, as well as Washington, California, Wisconsin, and
Illinois in the United States compose the corpus. Additionally, the
corpus includes procedures that concern the European Union and
the United States. Ten are of European origin (P1 to P10), while
eleven are American (P11 to P21). These procedures were developed
between 2001 and 2021, with the majority occurring between 2015
and 2021. The date is the year when the procedure was initially
made available and not the year of updates or paper diffusion. Two
of them are privately used by architects or scientists (P6,P8), and the
nineteen others are freely accessible to anyone.

As explained in Section 1.4 and Section 1.5 and represented
in Figure 2, efforts were made to collect procedures within the
obsolescence phases with an extended scope to maintenance and
end-of-life. Figure 6 is based on Figure 2, complete with the
placement of the corpus procedures within the scope.

As shown in Figure 6, Procedure P6 concerns renovations and
maintenance of existing buildings in the Maintenance phase with
consideration to the entire Building. Procedures P11 and P12
consider the entire Building as well, P11 at an early stage, to
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determine the deconstruction’s project pote

ntial, while P12 has

concerns for operational safety during deconstruction. Procedures

P18 and P20 determine if elements must rather be reused, recycled,

or wasted, while procedures P1-5, P7-8, and P13 assess the salvage

potential of elements, and procedures P9 and
elements as waste prior to demolition. Proce

P10 already consider
dure P19 determines

the best end-of-life path for waste. Procedures P14, P16-17, and

P21 concern waste “reuse; leading to the

recycling processes.

Finally, procedure P15 concerns the waste facilities certification

requirements, informing with overall waste co

nsideration.

Within the constituted corpus, some assessments encompass

diverse objectives. Only criteria concerning second use (the

assessment of reuse potential or usefulness for the deconstruction

processes) have been selected for this study. All criteria concerning

the end-of-life of material (recycling, landfilling, waste management

..., etc.) or fine attribution have been ignored.

4 Comparative analysis

4.1 Settings

Figure 7 establishes three graphical frameworks defining

inputs, outputs, and processes of procedur

es named purposes,

responsibilities, and criteria, respectively. The purposes axis is
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Distribution of the responsibilities. Profiles compose the y-axis, the x-axis represents the number of procedures concerned, and the charts’ colors
define the roles.

determined by procedure title terminologies. The responsibilities
axis is based on stakeholder roles and implications. Parameters
concerning the criteria are represented by circles. Other reading
levels are offered, distinguishing description and projection-based
criteria with color code, and themes, in which entries are grouped,
are written on top of the circles.

4.1.1 Purposes

Terms forming the analytic framework are extracted from the
corpus procedures titles. This chapter presents the terminologies and
corresponding procedures, focusing exclusively on purposes.

As introduced in Section 2.1.2, the terminologies used in the
procedure titles are supposed to provide information on the purpose
and expected results. Purpose-defining terms are classified along 3
axes: DATA, AIM, and OBJECT, identified in blue in Figures 7, 10.

The terms considered to qualify DATA in the procedures making
up the corpus are: Worksheet P21, Information P14, Form P8, P12,
P15, P17-19, Summary P16, Plan P5, P14, P18, P20, Inventory P1,
P3-4, P8, Characterization P2, P8, Audit P9, Diagnostic P6, P10 and
Assessment P7, P11, P13, P20. They are classified here according to
the degree of precision and expertise expected. Thus, Worksheet,
Information, and Form refer to a simple method; Summary and
Plan indicate that the information is simplified and potentially
incomplete; Inventory is a complete enumeration; Characterization
gives, in addition to the enumeration of the Inventory, additional
information allowing a perfect understanding of the object studied;
Audit, Diagnosis, and Assessment bring, in addition to a description,
expertise, recommendations, and hypotheses.

The terms used to qualify the AIM of the procedures making
up the corpus are: Reduct™ P14, Divers™ P20, Recycl* P12, P14-18,
P21, Renovat®/rehabilitat® P10, Deconstruct™ P11, P20, Availab® PS,
Salvag® P12, P20, Resourc™ P7, Reus* P1, P3, P18. They are classified
here according to the 3Rs policy (Reduce, Reuse, Recycle) (G8
summit, 2004), considering Reduct*and Divers™ as the lowest levels
— since the terms are associated with Waste — while Deconstruct®,
Availab®, Salvag®, Resourc*, Reus” constitute the higher levels.

The terms used to qualify the OBJECT of the procedures making
up the corpus are: Waste P12, P14, P20, Debris P16-17, Construction
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and Demolition (C&D) P14-19, P21, Deposit P18, Material P1, P4-
5, P8, P12, Element P7. Waste and Debris are at the lowest levels
since both terms consider the studied object as having no use. C&D
provides no specific qualification and is considered neutral. Deposit
implies potential future use, either as is or in a transformed form.
The Material and Element retain the capacity and use inherent in
their qualification.

Once constituents are defined for a given procedure, connecting
the corresponding dots along the axis creates a blue form in the
visual representation of purposes, as seen in Figure 10. The blue
form highlights procedures P1, P5, P7-8, and P18, which have
high purposes in all three axes, leading to big blue triangle shapes.
Procedures P3-4, P6, P11, and P13 also have high purposes but do
not address one or two of the axes. Procedures P9-10, P12, and
P20 deal with Waste, the lowest constituent on the OBJECT axis.
Nevertheless, their purposes on the other axes are high. Procedures
P14-17, P19, and P21 can also be grouped, as their purposes are
lower overall.

4.1.2 Responsibilities

As outlined in Section 2.1.2, three key roles were identified in
the procedure framework: CREATOR, ASSESSOR, and AUDIENCE,
represented along red axes in Figures 7, 10.

Profiles were established based on the corpus for each role.
These categories include Owners, Contractors, Architects/Engineers,
Scientists, Local authorities, and National authorities. These categories
are ranked on the graph according to their level of involvement and
impact, ranging from individual to collective influence. Each profile
category is then assigned a role for each procedure.

Figure 8 shows that the creators of five procedures were
states, ten were cities or counties, three were scientists, and three
were architects or engineers. In the case of six procedures, the
assessment responsibility (ASSESSOR) is shared between architects
and engineers, while contractors assume it for ten procedures and
owners for eleven. The assessment responsibility lies solely with the
scientists when the procedure has been developed by them. The
information collected through these procedures serves the following
audience: the states (10), cities or counties (10), architects, engineers,
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FIGURE 9
Criteria analysis. Data entries composing criteria are listed at the top. Themes are linked at the bottom of the illustration. Procedures with the most

criteria entries are at the top.

and contractors (2), and owners (9). Regarding the stakeholders  Interestingly, certain data entries are only used once within the

involved, architects and engineers are the only ones capable of both  corpus - homogeneous deposit, element age, intervention importance,

developing (CREATOR) and conducting assessments (ASSESSOR)  original location, disposal costs, cost comparison between recycle and

for their own purposes (AUDIENCE). In contrast, authorities do  landfill, Environmental impact: initial production, and Environmental

not typically conduct assessments, and scientists are responsible  impact: demolition. Conversely, the most frequently used criteria are

for developing and conducting assessments on behalf of others.  Category (13 uses), Volume (13), and Quantity (14).

Contractors and owners conduct assessments mostly for their own

needs or authorities. These observations are also visible through ~ 4.1.3.1 Descriptive criteria categories

the red form emerging from the linkage of the dots along the This section describes the five themes, composed of 34

red axis in Figure 10. descriptive criteria. Data entries are named in italics, and their
categories are in parentheses.

4.1.3 Criteria Contextual description: General criteria for the building or

its environment that help in understanding the site, the possible

Not all the criteria’s constituents included in the procedures of

the corpus have been extracted. The ones concerning hazardous building archetype, and the feasibility of the deconstruction project.

elements or waste sorting are not taken into consideration as precise ~ 11is theme has 5 criteria, used 27 times in the corpus - Type of project
in Section 1.4. 58 data entries of criteria are selected from the  (Construction or demolition/addition, repair, moving) (V), Buildings
corpus. Through the analysis process, they have been categorized ~ period of construction (V), Building description (number of stories,
into 9 themes, as represented in Figure 9, corresponding either to ~ program ...) (P&M), Urban description (P&-M), Room to serve as
a description or projection information types. Figure 9 first offersa  staging area(P&M).
listing of the 58 data entries selected and their affiliation to a theme. Element description: Criteria focusing on  building
Their names have been designed to be self-explanatory and require ~ components, which help to understand the observed element. This
no further description. Different type lines inform the Values, P&M,  theme is made of 10 criteria, used 67 times in the corpus - Features
and SU&I categories of data entries. Secondly, it gives the number  listing aparts (V), Item name (V), Toxicity (P&M), Category (P&M),
of times a data entry is used by procedures as well as the number  Building location (P&M), Pictures (V), Matter (V), Covering (P&M),
of data entries composing each procedure. Procedures are sorted by ~ Color (V), Function (P&M).
the number of data entries. Consideration with the overall: Criteria to determine the
As illustrated in Figure 9, descriptive criteria prevail throughout ~ presence of a source based on scalability and repeatability. This
the corpus - 253 descriptive criteria are used versus 73 projective.  theme is made of 4 criteria, used 19 times in the corpus - Category
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cumulated weight (P&M), Percentage/weight compared to the overall
(P&M), Homogeneous deposit (P&M), Quantity of items (V).
Element quantity: These are the criteria used to quantify the
elements studied. Different types of values are considered. Properties
and capabilities are part of this theme, which is why the brand or
type of element is also considered here, as it also provides technical
information. This theme is made of 7 criteria, used 46 times in the
corpus — Area in m*(V), Volume in m> (V), Quantity kg/tons (V),
Dimensions (V), Density (V), Properties (V), Brand/type (V).
Element quality: These criteria are qualitative and provide
information on the conditions of the elements observed. They
are subjective and depend on the assessor’s expertise. This theme
consists of 6 criteria, used 27 times in the corpus - Other sources (V),
Condition: description (V), Condition: scaling (V), Exposure (V), Age
(V), Comments (V).
Deconstruction:  These the
implementation of the elements in the building. This category is

criteria  concern initial
made of 2 criteria, used 7 times in the corpus - Implementation date

(V), Fixation type and implementation (P&M).

4.1.3.2 Projective criteria categories

Projective criteria are grouped into four themes, composed of 24
descriptive criteria.

Deconstruction: This theme is also projective. Hypotheses and
management suggestions are developed prior to deconstruction or
demolition. This category is made of 7 criteria, used 23 times in the
corpus -Dismounting difficulty (P&M), Intervention priority (P&M),
Intervention importance (P&M), Proposed intervention (P&M), Total
man/hour (P&M), Tools required (P&M) Contractor/Hauler/reuse
company (SU&I).

Schedule: These criteria provide information on deconstruction
project planning. This theme consists of 2 criteria, used 7 times in
the corpus - Availability periods (P&M), Dismounting phase (P&M).

Element projection: These criteria provide information on
possible future use. This theme is made of 8 criteria, used 28 times
in the corpus - Examples of new use (SU&I), New use willingness
(SU&I), Reuse ability: scaling (SU&I), Reuse ability: percentage
or weight in-situ/ex-situ (SU&I), Reuse ability: entirely/partially
(SU&I), Possible destination (SU&I), Original location (SU&I),
Packing/stockage (P&M).

Costs/benefits: These criteria provide value guidance. This
theme consists of 7 criteria, used 15 times in the corpus — Price/costs
(V), Disposal costs (V), Costs: comparison with costs to recycle
and landfill (V), Taxes deductions/calculations (V), Environmental
impact: initial production (V), Environmental impact: demolition (V),
Reuse/recycle rate (V).

All this information is embedded within the framing of
criteria, as represented in Figure 7 and characterized for each
procedure in Figure 10.

4.2 Comparisons

Now that the graph components have been established
and each procedure component—purposes, responsibilities, and
criteria—has its own representation in Figure 10, comparisons
between the different components can be drawn. This section
describes and analyses these observed comparisons.

Frontiers in Built Environment

12

10.3389/fbuil.2025.1511109

A
Y
Y

Y ¥

EU2021 US2003

EU2019

EU2015

EU2018

A

US2001 EU2019

Y% ) 4

EU2018 EU2019

Us2014

A

Us2005 ® v Us201s
= x A
¥ * T T
7 ).
\ N X o X A
Sy us2o17 Y Us2010 Us2015

FIGURE 10

Procedure representations: sorted by number of criteria (green circles)
Light green is the description criteria while the darkest is the
projection ones. Grey circles mark each theme. Blue represents the
purposes: top being DATA, right AIM, and left OBJECT. Red represents
responsibilities: the bottom being CREATOR, right ASSESSOR, and

left AUDIENCE.

4.2.1 Criteria, date and origin

Upon analyzing the number of procedure criteria entries (green
circles in Figure 10), it is observed that American procedures tend
to have fewer criteria entries compared to European ones. Also,
the most recent procedures reviewed in this study predominantly
originate from Europe, spanning from 2015 to 2021. Nevertheless,
three American procedures are part of the ten with the most
criteria entries P12, P15, P17 and date from 2003, 2001, and 2007,
respectively. Therefore, the number of criteria does not correspond
to a more favorable region of the world, culture, or time context.
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4.2.2 Criteria and purposes

This section focuses on criteria (green circles) and purposes
(blue axis). While the five procedures with the most criteria P7-
10, P12 prioritize the desire for a second life with the terms
Reuse, Resources, Salvage, Available, or Deconstruction (AIM axis), the
subsequent five procedures P2, P4, P6, P15, P17 do not. Some fail to
specify their intention (AIM axis), and others emphasize Recycling.
The DATA axis significantly influences the number of criteria entries
as it tends to correspond to the position of its constituents. The
higher the dot is on the axis, the more criteria entries are. The
AIM is either precise and for a second life or does not need to
be mentioned when the OBJECT is considered as an Element or
a Material. Interestingly, procedures specifically targeting Reuse or
Resources do not necessarily rank among the top ten procedures
with the most criteria. The procedures with the most criteria use
the terms Recovery, Availability, and Deconstruction. However, two
notable exceptions in regard to the ten procedures with the most
criteria are procedures developed by and for authorities P15and P17.
The terminologies of their titles are not precise in any purposes axis,
with an AIM axis focused on Recycling, yet they are the seventh and
tenth with the most criteria entries. It reflects the advanced waste
management practices in the cities of San José and Chicago. The
consideration of projective criteria has not been linked with any
purpose axis (DATA, AIM, OBJECT).

4.2.3 Criteria and responsibilities

The procedures with the most criteria entries are those for
which the CREATOR and ASSESSOR are the same stakeholders.
In addition, the six procedures not created by authorities but by
specialists (scientists, architects, or engineers) P2, P4, P6-8, and P12
are among the nine with the most criteria. Procedures drawn up
by-and-for national or local authorities P5, P13-14, P16, and P19-
20 are in most cases low in the number-of-criteria-entries ranking,
exception made for P15 and P17 as described and explained in
4.2.2. The ASSESSOR is always a specialist (1 time is a scientist, 6
architects/engineers, 10 contractors) or owner (11 times), as shown
already in Figure 8, rather than state or local bodies. When the
ASSESSOR is solely an owner P11, P13, P18, the procedures tend
to have a lower number of criteria entries. Owners are mainly the
AUDIENCE (10 procedures). Among the 10 procedures with the
least amount of criteria, 6 are targeting national or local authorities
as AUDIENCE (P13-14, P16, and P19-21). It is noteworthy that
the six procedures developed by-and-for American authorities
considering Construction and Demolition (Ce»D) P14-17, P19, P21
share considerable visual similarities with elevated CREATOR and
AUDIENCE dots and low ASSESSOR dots, with medium to low
purposes of relatively equivalent distance of dots on the different
axes but with a radical difference between the number of criteria
entries composing P15 and P17 as already explained, and P14, P16,
P19, P21 being parts of the 6 with the least criteria entries.

4.2.4 All components

There is a discrepancy between the precision of the terminology
used to describe the procedures — purposes blue graph - and the
number of criteria — green circles - within the nine procedures
developed by-and-for authorities (CREATOR and AUDIENCE) -
responsibilities red axis. Eight of these nine are developed in
the United States. The European one is titled Inventory (DATA
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axis) of Material (OBJECT axis) during Deconstruction (AIM axis).
Nevertheless, it only focuses on the possible presence of pollutants
and encompasses 11 criteria entries. The American ones are also
highly formulated but with only between 5 and 13 criteria, while
the five procedures with the most criteria have between 30 and
20. It is also important to mention that the procedure P11 stands
out, having the least number of criteria, yet it serves a unique
purpose. This procedure P11 focuses on conducting an upstream
assessment to determine the feasibility of a deconstruction project
based on potential damage and time constraints without specifically
considering the elements themselves (see Figure 6).

All procedures contain more descriptive criteria than projective
ones. No specific trend has been revealed. Every procedure possesses
singular features. Therefore, comparisons have been extended to the
themes within the criteria in the following chapter.

4.2.5 Criteria themes

This section analyzes the comparison of procedures based on
purposes, responsibilities, and criteria, focusing on the criteria
themes (as presented in Figures 9, 10).

Twelve procedures consider contextual description P5, P7,
P9-12, P14, P16-19, ten of which are developed by authorities
(CREATOR). This reflects the authorities’ emphasis on considering
the contextual aspects, particularly when they are also the
AUDIENCE of the assessment. Most procedures drawn up by-and-
for national or local authorities do not have consideration with
the overall P5, P11, P14, P16, and P19-20. A global reflection
on the site is therefore not envisaged in these procedures. In
contrast, procedures targeting owners P1-3, P6-10, and P18 tend
to incorporate a holistic vision in their assessment. Most of the
criteria entries composing element quantities are addressed in five
out of six procedures developed by specialists P2, P4, P7, P8, P12,
with four of them being the ones with the most criteria. The sixth
procedure P6 deviates from this trend, as it focuses on building
diagnosis without specific aims or purposes, which explains the
absence of quantification. Other procedures have little consideration
for the OBJECT assessed as they are designating quantities as tons
or m®. Procedures developed by-and-for authorities generally do
not emphasize element qualities, as their objectives are not strongly
linked to future use or projection. Only five of the procedures P3-
5, P11, and P21 do not include any criteria related to element
deconstruction, notably the ones developed by authorities. This
observation aligns with the previous conclusion, indicating the
authorities’ lack of interest in second-use possibilities for the
elements. Instead, the focus seems to be on Deconstruction,
suggesting the building up of a probably undervalued stock rather
than prioritizing high-potential reuse with optimized capacity. Out
of all the procedures, only seven consider solely the time factor
P2-3, P12, P15-16, P18, and P21 (schedule). Planning is rarely
considered in procedures. Regarding the element projection, only
seven procedures do not include any criteria in this aspect P3,
P6-7, P11, P14, P19, and P21. Due to advanced and strict waste
management regulations in Europe and the US, procedures dealing
with waste must provide information on the end-of-life location
of the OBJECTS involved. Notably, procedure P7, with the most
criteria, does not contain any criteria for the element projection.
This procedure was designed to create a viable and well-informed
stock without specific consideration for reuse or receiver projects,
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as it was developed within a mission that did not encompass these
aspects. The ones with high AIM P1, P3, P12-13, P18, and P20
dealing specifically with Reuse, Resource, or Salvage do consider this
theme. Nine procedures offer evaluations of costs/benefits P3, P6-
7, P10, P12, P14, P17-18, and P21. Three of the five procedures
with the most criteria address this aspect (P7, P10, and P12). Except
for procedure P7, those 8 assessments focus on construction and
demolition (C&D) or waste or do not specify the assessed OBJECT
(blue axis). This suggests that only unconsidered objects (useless)
are being estimated, indicating potential challenges in evaluating the
costs and benefits associated with stock creation or even reuse.

4.2.6 Conclusion

No clear pattern emerged from the various comparisons.
Similarities have been observed, as described in Section 4.2.3, but
the presence of recurring exceptions has prevented patterns from
being determined. Key takeaways include:

Purposes

o Few procedures prioritize reuse: Only a small subset (e.g., P1, P3,
P7-8,and P18) explicitly target reuse or resource recovery. Most
procedures focus on broader waste management or compliance
objectives.

o Terminology # depth: Procedures with reuse-related wording in
their titles do not consistently contain more reuse-relevant data.

Responsibilities

o Specialist-developed  procedures architects,

(e.g., by
engineers, or scientists) often include more detailed, reuse-

oriented criteria.

Authority-driven procedures tend to emphasize compliance
or inventory goals over deconstruction logistics or second-
use planning.

o When owners act as assessors, procedures tend to be simpler,
with fewer criteria and limited foresight for reuse.

Criteria

o Quantity vs. quality of data: Some procedures contain many
criteria but still miss key reuse aspects like second-use potential
or disassembly logistics. Only a handful (e.g., P2, P8, P12-13,
P17) include substantial second use and implementation
(SU&I) content.

o Descriptive over projective: Descriptive criteria dominate (253
vs 73 projective). Projective criteria (e.g., second-use planning,
timing, or cost projections) are rare but crucial for actual reuse
implementation.

In the corpus, only a small number of procedures specifically aim
at reusing or recovering Elements or Materials P1, P4-5, P7-8. They
carry out an Inventory prior to deconstruction determining a stock
potential, but few go beyond this phase. None provides an overall
figure for elements with high reuse potential, with the phasing and
cost required to develop the practice.

Frontiers in Built Environment

14

10.3389/fbuil.2025.1511109

o Context is often under-considered: Few procedures (P7, P9-10,
P12, P15, and P17-18) account for site-level logistics (e.g.,
access, storage areas, work phasing), yet these are essential for
planning deconstruction or reuse workflows.

o Costs and timelines are neglected: Despite their importance

in real-world reuse decisions, these aspects are rarely

addressed explicitly. In general, the notions of time and cost
are not considered, even though they dominate practice

(Rakhshan et al, 2021; Lambec et al, 2024), lacking in

procedures P1, P4-5, P7-11, P13, P19-20.

Recycle-focused: The procedures with the most criteria seek to

assess matters leaving sites (waste or C&D), with concerns on
the end of the matters cycle, and are therefore developed and
effective for landfill or recycling.

Continuum gaps

Most procedures lack frameworks assessing an object’s position
along a lifecycle continuum—from Reuse as-is, to Repurposing,
Recycling, or Waste. Attention to the object is often narrow,
missing a progressive, scalable evaluation. This limits the effective
positioning of elements within a circular economy.

5 Discussion

5.1 Critical evaluation of procedures to
achieve reuse potential assessment

After comparing the purpose and different criteria used in the
corpus procedures, it is interesting to understand how these are
defined and how they could be improved or completed to assess
the reuse potential of elements within buildings. The evaluation of
a potential stock is mainly descriptive, while the reuse potential
is projective and, therefore, partly subjective. When designing
the procedures, choices are made in line with the defined needs
and goals. Consequently, for a given object, some information is
collected while others are ignored, which will ultimately influence
the outputs. In the following, the phasing, the input methods, the
categories of outputs, and the chosen criteria are reviewed, and
possible developments are proposed.

First, the many ways of collecting, organizing, and recording
information are reviewed, and the criteria used in the procedures
are examined. The expected outputs are also detailed. Finally, the
optimal criteria for increasing the reuse potential of elements are
detailed. Then, the time factor, an implacable determinant of any
implementation and concretization of a project, is considered.
Depending on the specific purpose and objectives, the assessment
of reuse potential can vary in scope and intensity, ranging from
minimal information to an extensive research process. Based on the
studied corpus of procedures, different phases are proposed, each
building upon the previous one with refined objectives and means.

5.1.1 Input determinism
5.1.1.1 Collection

Various methods are available to collect information on building
elements: visual inspections, destructive and non-destructive
investigations, background and historical information review, etc.
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Most of the corpus is the result of visual inspection. In some
cases, a document may be attached to complete the information
on an element, like P1 and P4, using a Brand/type criterion,
or P2, P7-9, P15 using Other sources as shown in Figure 9 and
represented in Figure 10.

5.1.1.2 Organization

Given the large number of components in a building, procedures
are mostly based on classification and categorization. Sometimes,
procedures base their categories on construction standards, such as
P4-5, P10. In other cases, they are based on building information
modeling (BIM), such as the BAMB Circular Building Assessment
(part of the discarded procedures of Section 2.1.1). Most of the time,
categories are designer-specific.

5.1.1.3 Recording
The recording concerns the way the information is transcribed.

Often, the ASSESSOR inputs a specific value expressed in a certain
unit, such as weight in tons or volume in cubic meters, as seen in P9,
P14, P16-19, and P21. Sometimes, expected values are not specified.
The information collected will, therefore, depend on the capabilities
and meticulousness of the ASSESSOR, as in P1-8, P10-13, P15. The
possibility of comparing elements and projects will depend on the
specificity of each description. To hinder this, some procedures offer
a nomenclature like P10, checkboxes like P12, or scrolling choices
like P20. This ensures that similar terms are used, making comparing
and analyzing elements and projects easier.

5.1.2 Assumed outputs

The procedure outputs depend on the suggestions and expertise
of those who create (CREATOR) and apply it (ASSESSOR).
Assessing reuse potential means being able to construct plausible
hypotheses about an element. Based on the 58 criteria from the
corpus, three categories of outputs have been identified: Value
(V), Processes and Management (P&M), and Second Use and
Implementation (SU&I)- represented with different type lines in
Figures 7, 9, 10. As a reminder, the V entries describe, quantify, and
assess the profitability of the element, and the P&M entries allow
for the plan of deconstruction while the SU&I entries envision a
future use for the stock. These three categories are complementary
and should be inseparable when assessing the reuse potential of
an element within a building. However, it is not uncommon for
not all of them to be addressed in the procedures. This leads to an
incomplete evaluation of the reuse potential through all phases.

For instance, procedure P7, which has the most criteria, is
composed of 26 descriptive criteria and 4 projective criteria: none
of them includes SU&I entries. This procedure is very complete
in describing elements (26 out of 33 descriptive criteria in total)
and giving V category of information type concerning a potential
stock. Some information is also given concerning P&M entries
(11 descriptive P&M criteria out of 21 overall), but the reuse
potential is not treated by this procedure. This is probably linked to
high expectancies in every purpose’s axes and the use of the term
Resource that might evoke potential mining without necessary a
foreseen use.

Procedures P2, P8, P12-13, and P17 contain the most criteria
for the SU&I category of entries, each informing 3 SU&I entries out
of a possible total of 8. P2, P8, P12-13 have the same consideration
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concerning the salvage of element back in Figure 6, P2, P8, and P13
have high DATA expectancies. P2, P8, and P12 are developed by
scientists and architects/engineers with strong deconstruction and
reuse experiences, P13, P17 are developed by cities with advanced
regulations concerning recycling and salvaging.

Procedure P17 concerns C&D, Debris (OBJECT) recycling
(AIM), Form (DATA), low purposes, and is composed of only 11
entries in total. This procedure, referring to debris, describes only
necessary V information with four entries, informs P&M with 4, and
foresees transportation and reuse ability with 3 SU&I entries. In that
sense, this procedure is very effective in achieving its purposes. A
complete assessment contains V, P&M, and SU&I entries that serve
the established purpose. Defining the purposes of an assessment
influences the outputs. A willingness to achieve reuse requires the
assumptions of P&M and SU&I information.

5.1.2.1 Values (V)

In the corpus, elements are quantified, mainly in terms of volume
and weight, to produce results concerning the material. Indeed,
these outputs are necessary to determine the costs of landfilling or
recycling. Changing these values to consider reuse implies moving
from consideration of the material to that of the element. Procedures
P1-2, P4, P7-8, and P12 include dimensional criteria of the elements
(Elements or Materials).

While the matter will remain the same during deconstruction
or demolition, the properties of an element are not guaranteed.
Extraction and restoration involve operations that need to be
anticipated and planned to enable any costs/benefits quantification.
Seeking to reuse an element implicitly means making assumptions
about what it will become once it is put back on the market
and implemented again, and therefore producing values based
on developed scenarios. To inform with projection-based values
concerning costs and benefits, criteria concerning P&M as well as
SU&I need to be anticipated.

Procedures P12 and P15 estimate the necessary tools and time
for the site work to be done as their AIMS are on Deconstruction
and Recycling facility certification. Procedures P9 and P15 inform
the rooms to serve as staging areas. No procedure foresees the
volume of storage needed for the potential salvaged elements.
No corpus procedure currently proposes a comparison between
standard demolition or reuse options when procedures P18 and
P21 compare recycling weights or costs to landfilling ones. No
procedure estimates the costs and benefits of deconstruction or reuse
of elements. This knowledge is reserved for waste management.

5.1.2.2 Processes and management (P&M)

Knowing how to disassemble an element is knowing how it
was assembled. However, this information is often difficult to
obtain. Indeed, certain elements, such as structures, are made
invisible during the evaluation due to other applied layers. Also,
construction plans are not always easy to acquire. Often, the plans
obtained are from the project phase, not as-build ones, and do not
exactly correspond to reality. However, the industrial production of
some element types leads to the standardization of assemblies and
compositions, thereby making it possible to find the corresponding
technical sheet retroactively or to carry out a proofing test valid for
a series of elements.
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The deconstruction process relies heavily on historical and
localized knowledge of the techniques employed in constructing
a built archetype. Expertise is essential to determining the
assembly hypothesis and, therefore, to formulating the disassembly
hypothesis. In addition, it is necessary to imagine the type of
employable machines, their number, the number of workers, and
their qualifications to estimate the feasibility of a project. Knowing
the time available or the minimum time necessary for the work
is also decisive for the feasibility of a deconstruction project and
provides a greater guarantee of high achievements.

Only procedures P12 and P15 provide information on how to
extract the elements and the necessary tools and qualifications.
Procedure P9 only has a package/storage criterion concerning stock
management, while procedures P3-4, P11, and P14 have no P&M
criteria. Again, without this P&M information, it is difficult to plan
any deconstruction project.

5.1.2.3 Second use and implementation (SU&I)
Procedures P8 and P10 provide existing examples of new uses

to be inspirational, while the procedure P1 requires a projection of
a new use per item. Therefore, a high reuse potential is measured
not only by the conservation of properties of the element but also by
its versatility to respond to another project. In other words, most
of the outputs can only be assumed - as any other project based
on an existing building (renovation, transformation). Because reuse
is not a typical production operation but a multitude of specific
products, only estimations can be assumed. This leads to a greater
risk of inadequacy between assumptions and reality or a greater
demand for project adaptation. It appears, therefore, necessary to
quantify an acceptable margin of inadequacy for a construction
project involving reused elements.

5.1.3 Incomplete processes

The following paragraphs discuss criteria not covered by the
corpus of procedures, but that nevertheless seem essential to the
authors based on other references (Guy, 2006; Interreg et al., 2020;
DELTA, 2018; NAHB, 2001) and practical experiences.

5.1.3.1 Descriptive criteria
The criteria composing the procedure must allow versatility,

considering multiple scenarios. It is crucial to present values
comprehensively, considering various data to fulfill any future interest.
Evaluating reuse potential also depends on the versatility of elements
to adapt to different projects. A multifaceted approach thus ensures
a comprehensive evaluation of the reuse potential of elements. The
procedure should allow the collection of all required or available
information concerning an element or a set of elements. To ensure
successful deconstruction, remarketing, and traceability of building
elements, data sheets should be provided in the assessment, like
procedures P7 and P8. These sheets synthesize information about
the considered elements’ composition, capacity, implementation,
maintenance, and other essential details. By issuing data sheets that
meet the requirements of new elements ex-factory, it becomes possible
to compare and maintain competitiveness in the market.

5.1.3.2 Projective criteria

The lack of accessibility to an element constitutes a potential
limit to the deconstruction project. Accessibility is a crucial factor
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that can impact the difficulty and duration of the work, making
it necessary to anticipate and plan accordingly. Determining an
inventory of elements with reuse potential and locating the elements
allows a comprehensive understanding of the project and assesses
the accessibility of each element. No matter how viable the reuse of
an element is, if it is too difficult to reach, extract, or move, then it is
likely that its potential for reuse is low. The assessment must include
information on the accessibility of elements:

1. Attheregionallevel (distance and access to landfills or storage).

. At the site level (place for dumpsters, machinery, on-site
workshop, and storage area)

. At the building level (circulation, staircases, elevators).

The assessment should then provide information concerning
the assemblies and installations of elements to anticipate
extraction operations and ensure elements are delivered in
good condition after removal. This includes information about
coatings and stains to anticipate stripping operations necessary
for remarketing.

Finally, in the context of deconstruction, it is interesting and
helpful to produce a work schedule and inform the availability of an
element in a just-in-time circuit (direct delivery from the source site
to the receiving project site without storage). Compared to a newly
manufactured product where the production time, and therefore
its availability, is known, the ability to define the availability of a
reclaimed element is crucial for efficient project planning.

Procedure outputs, including values (V), processes and
management (P&M), and second use and implementation (SU&I),
are crucial for assessing reuse potential. However, it is not
uncommon for procedures to address only a subset of these
categories, resulting in an incomplete evaluation of reuse potential
across all phases. This highlights the need for a unified set of
criteria to capture diverse aspects of reuse potential, including
projective hypotheses. Implementing scenarios with projective
hypotheses is crucial to promoting reuse over landfilling and
recycling. This necessitates considerations such as site schedules,
element availability, and the assessment of prices and various values.

5.1.4 Phasing
5.14.1 Feasibility assessment

When considering the deconstruction of a building, it is crucial
to weigh the potential benefits against the associated drawbacks
carefully. Factors such as the presence of hazardous materials, the
time and resources required, and the risks to workers need to be
considered. Conducting a preliminary study like the procedure P11
or what is recommended within P12, including a short site visit
and gathering basic information about the building’s construction
and maintenance, is essential to determining the feasibility of
deconstruction, whether reuse is feasible, and to what extent.

Certain building elements are well suited for reuse, particularly
those easily accessible or dismountable. These features are often
found in the superficial layers, referred to as Stuff and Skin by Brand
(1995). Additionally, elements with a consistent market demand and
those that require minimal guarantee or assurance for their second
use hold high potential for reuse. This potential can be assessed
during the first visit and included in the feasibility assessment,
helping to determine whether further research is necessary.
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5.14.2 Targeted assessment
In a more targeted evaluation, it is crucial to establish relevant

criteria and values for assessing a potential stock. The aim can first
be to identify potential reuse applications for the different building
elements. This can be achieved by identifying batches of elements
repeated throughout the site, or by recognizing elements with high
market value, such as those designed by renowned designers, rare
and luxurious materials, or items with heritage value. Procedures
P2, P7-9, and P15 are the only ones using the criterion. Other
sources, as shown in Figure 9, demonstrate that additional research
is carried out to qualify an element with high market value and
is ranked among the seven procedures with the most criteria. The
evaluation can also be based on pre-established projects, focusing
on elements that can be integrated into a receiving building, as
proposed by P1 and P8 with a New use willingness. The assessment
then centers on the compatibility between the elements and this
receiving building. Finally, another objective may be to prioritize
elements with a significant environmental impact, such as reusing
the whole building structure or its foundations, using criteria such as
Environmental impact: initial production and Environmental impact:
demolition as P7.

5.1.4.3 Comprehensive approach
Another approach is to strive for the reuse of everything,

or at least to bring all elements back to the market, regardless
of the time, resources, and profitability involved in the project.
This approach aims to minimize waste generation and preserve
the intrinsic qualities of the elements. It entails considering every
element as having potential value, dismantling everything with care,
and avoiding establishing a hierarchy of values.

5.2 Overarching insights and future
directions

The multidimensional analysis of the 21 assessment procedures
based on their decomposition into inputs, outputs, and processes,
synthesized with graphical representation, revealed a lack of clear
patterns drawn. While some procedures are comprehensive, with
numerous criteria, they tend to focus on assessing matters that
come out of working sites, such as waste or construction and
demolition debris. However, few procedures specifically target
reusing (P1, P3, and P18) elements (P7), or materials (P1, P4-
5, P8, and P12), as described in Section 4.1.1. Most procedures
conduct an inventory prior to deconstruction (Figure 6), but
they generally lack comprehensive values for elements with high
reuse potential. Additionally, considerations of time, cost, and the
holistic vision of the site and its context are often overlooked.
Such criteria should go beyond the mere conservation of material
properties and consider the versatility of elements to respond
to different project requirements. Nearly 20 years later, based
on a corpus of applied procedures, this study reaffirms Addis
(2006) “key issues needfed} to be addressed when seeking the goods
and comparing the various alternatives that are found: performance,
quality, and durability; installation procedures;(...) cost and value-for-
money;(...) procedure for purchasing, including guarantees on price
and delivery;(...) assessing and comparing the environmental benefits
of using reclaimed materials and goods.”
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Furthermore, a single scalable assessment procedure with
unified criteria could facilitate the refinement of information and
expertise as projects progress. Processes and management in the
assessment require considering site characteristics, workers’ skills,
and the tools required for successful deconstruction. A scalable
assessment with unified criteria would allow additional layers of
specialized expertise. As mentioned by Charef et al. (2021), the
ISO framework standard (ISO/DIS 59004) will be challenged by
the need for a framework to be comprehensive and holistic by
covering a range of geographical and temporal scales while also
being practically useful.

5.2.1 Subjectivity is ubiquitous

The potential for reuse of building elements is influenced by
a range of factors beyond their physical and intrinsic capacity.
Social aspects, environmental benefits, financial considerations, and
market dynamics also shape the potential for reuse. Understanding
the market for each item is, therefore, crucial for accurate
assessments. Time constraints on the construction site also
challenge deconstruction projects (as evoked in Section 4.1.3.2).
Land profitability and knowledge of local partners affect decision-
making processes. Additionally, expertise and knowledge of future
component use contribute to a more accurate assessment of reuse
potential (see Sections 5.1.2.3, 5.1.3.2). These factors, which are
diverse and challenging to quantify, go beyond the physical and
material aspects of deconstruction and reuse.

Moreover, the CREATORS and ASSESSORS bring their own
perspectives, biases, and expertise to the assessment process, thus
influencing the assessment results. The information gathered during
the assessment is inherently subjective and dependent on several
factors. First, it is influenced by the expectations of the CREATOR,
who may prioritize certain aspects or outcomes based on their
specific purposes and interests (as seen in Section 4). Additionally,
how information is captured introduces limitations and biases and
can shape the assessment outcome (see Section 5.1.1). Second,
the capabilities and knowledge of the ASSESSOR play a vital
role in determining the depth and accuracy of the assessment
(referring to Section 4.2.3).

Also, depending on the context, assessments may be
pre-oriented towards specific criteria or tailored to match a
predetermined receiving project. This targeted approach limits the
assessment’s scope and focuses on the compatibility of individual
elements with specific projects rather than considering the overall
reuse potential (see Section 5.1.4.2). This highlights the need to
carefully consider purposes and methodologies in assessing reuse
potential and recognizing the inherent limitations and biases that
may arise in the process.

Overall, it is essential to acknowledge and be aware of
the inherent subjectivity in the assessment process. To mitigate
the influence of individual biases and promote objectivity, the
assessment design should incorporate measures to minimize
personal decision-making (as studied in Section 5.1.1) and allow
for a diverse range of potential outcomes (in Section 5.1.4).
This can be achieved through standardized methodologies, clear
criteria, expected values, and transparent evaluation processes that
enable multiple perspectives to be considered, mitigate individual
subjectivity’s influence, and comprehensibly facilitate comparisons
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and additions. By doing so, assessments can aim to provide more
objective and comprehensive evaluations of reuse potential.

5.2.2 Procedure completeness is not consensual
yet

Completeness should ensure that all relevant information is
captured with sufficient details and that the assessment results are
relevant to the market realities (evoked in Sections 5.1.2.1, 5.1.4).
The findings highlight the importance of considering both general
building information and specific element details in evaluating reuse
potential.

The assessment criteria vary depending on the stakeholders’
interests, underscoring the need for a comprehensive and inclusive
approach. Moreover, current assessments tend to overlook the
deconstruction phase (see Section 5.1.2.2), which is crucial to ensure
a comprehensive assessment of reuse potential. Several aspects
related to completeness thus remain unresolved, including the
treatment of flows such as supply and demand dynamics, the
consideration of temporal phases, and geometric properties beyond
simply volumes and weights. Efforts are needed to further develop
and refine assessment methodologies, addressing these unresolved
issues to achieve a more comprehensive and standardized approach
to assessing reuse potential in building elements.

Furthermore, it is essential to recognize that the potential
for reuse can evolve and change throughout different phases
and purposes. Therefore, assessments should be designed to
accommodate and incorporate all newly-seen-as-relevant criteria.
This ensures that all stakeholders contribute valuable information to
the assessment process and that the assessment itself can be refined
as needed to align with projected needs and potential. To enhance
the effectiveness and accuracy of reuse potential assessments,
additional criteria that capture the value of elements in relation to
their accessibility and consider all relevant phases and objectives
of a project should exist (from Sections 5.1.3, 5.1.4). By adopting a
comprehensive approach, assessments can provide a more holistic
understanding of reuse potential and support informed decision-
making in the field of deconstruction and salvage.

5.2.3 Norms are challenged

Measurement and quantification of building elements before
dismantling pose significant challenges. Assessing reuse potential
relies on assumptions regarding the existing building, the
dismantling process, and the transformation of materials. These
assumptions, along with considerations for sales and reuse,
contribute to the estimation of reuse potential. These assessments
involve inherent uncertainties.

Efforts to establish common frameworks, guidelines, and best
practices as (Interreg et al., 2020, Guy et al., 2003 or Addis, 2006)
can help to minimize uncertainties and enhance the consistency
and reliability of reuse potential assessments. It would provide
stakeholders with a standardized approach and ensure consistency
in evaluating reuse potential across projects. Such a framework
would not only open new market opportunities but also pave the way
for the emergence of new professions dedicated to reuse assessment.

5.2.4 Future research

Reuse is gaining momentum. Studies made before 2021 have
already been overcome by new studies or have evolved considerably
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since then. New graphs illustrating these procedures could complete
this comparative study, confirm the proposed observations, or
highlight other trends.

Efforts should be made to enhance the objectivity and
completeness of reuse potential assessments. This can be achieved
through the development of standardized assessment procedures.
The following points should be addressed.

- Identify and quantify the diverse range of values, including
economic, environmental, social, and cultural aspects, and
integrate them into the assessment framework;

- Address the full range of building elements and their potential
for reuse. This includes identifying and incorporating all
relevant factors and criteria contributing to the assessment
process to strive for completeness.

- Explore strategies for sequencing assessments to align with
project timelines. This involves determining the optimal
timing and frequency of assessments throughout different
project stages to ensure the timely identification of reuse
opportunities.

This could be achieved by automating reuse potential assessment
and developing a universal reuse assessment framework that is
adjustable to diverse geographic regions.

6 Conclusion

The main objective of this study was to identify and compare
existing procedures for assessing the reuse potential of building
elements. Through an extensive collection of procedures and their
in-depth comparative analyses, including a critical comparison
of reuse-potential assessment inputs, outputs, and processes, this
study provides valuable insights into the assessment methodologies
currently in use or proposed.

This study has illuminated the complex landscape of stakeholders
involved in these procedures. Notably, architects and engineers are
uniquely positioned to both create (CREATOR) procedures and
evaluate (ASSESSOR) for their own use (AUDIENCE), whereas
authorities typically do not engage in assessments. Scientists,
conversely, are tasked with developing and conducting assessments
on behalf of other stakeholders. Contractors and owners primarily
conduct assessments to meet their own needs or those of authorities.
Assessments tend to be conducted by specialists or owners rather than
by state or local bodies. Procedures assessed solely by owners often
have fewer criteria entries.

The analysis revealed a marked predominance of descriptive
criteria over projective criteria, with 253 descriptive criteria
compared to 73 projective criteria. The consideration of projective
criteria has not been linked with any purpose axis (DATA, AIM,
OBJECT). Procedures developed by specialists—such as scientists,
architects, and engineers—rank highly in terms of criteria count,
demonstrating their detailed and specialized nature. In contrast,
procedures developed by national or local authorities generally
feature fewer criteria, with notable exceptions being those from
cities with advanced waste management practices, such as San José
and Chicago. All procedures analyzed contained more descriptive
criteria than projective ones, indicating a general trend toward
current-state evaluations rather than future projections.
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Interestingly, procedures that specifically target Reuse or Resource
management do not always rank among the top in terms of criteria
count. Instead, the most criteria-rich procedures emphasize terms like
Recovery, Availability, and Deconstruction. Furthermore, procedures
developed by-and-for authorities often do not focus on element
qualities or element deconstruction, reflecting a lack of interest in
the reuse potential for elements. The procedures with the most criteria
are primarily focused on assessing materials exiting sites, such as
Waste or Cé»D Debris, making them effective for landfill or recycling
purposes. Within the corpus, only a limited number of procedures
specifically target the Reuse or Recovery of Elements or Materials. These
procedures typically include an Inventory prior to Deconstruction to
determine stock potential but rarely advance beyond this initial phase.
None of the procedures provide comprehensive data on elements with
high reuse potential or address the phasing and costs necessary for
implementing reuse practices. A holistic vision of the site and its
context, crucial for effective deconstruction, is rare. The focus tends to
be very narrow, concentrating on specific objects without a progressive
approach from element to matter to waste. This limited scope suggests
that while current procedures may effectively address immediate waste
management concerns, they fall short of facilitating comprehensive
reuse and recovery planning.

Although some similarities were observed with the graphical
representation of procedures (Figure 10, noted in Section 4.2.3),
recurring exceptions have hindered the identification of consistent
visual patterns.

Opverall, the study highlights several gaps in existing procedures.
Their analysis leads to the following needs for development.

1. Criteria expansion: Transitioning from waste recycling to
element reuse necessitates revising purposes and expanding
criteria  to include projective Values, deconstruction

Processes and Management, and foresee Second-Use and
Implementation. These criteria are essential for assessing
the inventory of building elements, their deconstruction, and
potential reuse. Current practices lack completeness.

. Versatility through refinement: Versatility allows for the
inclusion of additional expertise, enhancing the robustness
of evaluations. Implementing a versatile approach requires a
scalable, compartmentalisable and progressive refinement of
the assessment process.

3. Need for standardization: Many aspects of deconstruction and
reuse are currently only implicitly addressed. A standardized
assessment would pull the deconstruction and reuse practice
upwards in all markets, included where it is not well-
established.

. Reducing subjectivity: ~Subjectivity
influenced by the profiles and roles of those conducting

remains prevalent,
assessments. A standardized procedure with automated
criteria would help mitigate biases and ensure more objective
evaluations.

By shedding light on the strengths and weaknesses of assessment
procedures, this research offers a foundation for enhancing their
effectiveness. Building on the study findings, the authors propose
the development of a generic, adaptable, and automatable reusability
assessment procedure that would provide a standardized framework
easily tailored to specific projects and contexts. Such framework is
believed to streamline the evaluation process with more consistent,

Frontiers in Built Environment

19

10.3389/fbuil.2025.1511109

practical, and efficient records on reusability potentials, which
should boost exchanges of information and thereof exchanges of
reused materials.
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