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Abstract

While construction and demolition waste (CDW) remains one of the largest waste streams
and a major source of environmental impacts worldwide, strategies based on circular
economy principles, selective deconstruction, and pre-demolition audits (PDAs) have been
increasingly promoted to mitigate these impacts. This study presents a comparative life cy-
cle assessment (LCA) of high material recovery deconstruction and conventional demolition
of an administrative building in Czechia. Two end-of-life (EoL) scenarios were evaluated: a
Circular scenario derived from detailed PDA data and real material flows, and a Business-
as-usual (BAU) demolition scenario representing conventional demolition practice. The
system boundary included EoL stage (modules C2-C4) and module D in accordance with
EN 15804+A2. Environmental modelling was conducted in SimaPro software V.9.2. using
the ecoinvent 3.7 database and covered nine environmental impact categories. Results
show that circular deconstruction consistently yielded higher environmental benefits, with
improvements ranging from 1% to almost 15% across the assessed categories. Recycling
of aluminium, steel, and glass contributed most significantly to avoided impacts, while
concrete recycling provided benefits mainly under high-quality recovery pathways. The
study demonstrates the value of PDA as an effective decision-support tool to improve
material recovery and support more sustainable CDW management.

Keywords: life cycle assessment (LCA); construction and demolition waste (CDW); waste
management; pre-demolition audit; selective deconstruction; circular economy

1. Introduction

Construction and demolition activities are among the largest contributors to global
waste generation, accounting for approximately 30% of total waste generated in the Euro-
pean Union (EU) [1]. Consequently, effective construction and demolition waste (CDW)
management has become essential for achieving circular economy and climate-neutrality
objectives within the built environment.

To address these challenges, the EU has introduced several legislative and policy
instruments, including the revised Waste Framework Directive (2018/851/EU) [2] and the
Circular Economy Action Plan [3]. Among the proposed strategies and tools, increasing
attention has been directed towards circular economy principles, selective deconstruction
practices, and the concept of buildings as a material bank (BAMB) for future material
recovery and resource efficiency [4]. Within this framework, pre-demolition audits (PDAs)
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have emerged as a critical tool enabling systematic identification and quantification of
materials prior to demolition [5-7]. PDAs support informed decision-making regarding
material separation, reuse, recycling, and waste treatment pathways. Their importance has
been further reinforced by the updated EU Construction and Demolition Waste Manage-
ment Protocol [6], which formalises guidance and requirements for pre-demolition and
pre-renovation audits.

Selective deconstruction, defined as the systematic dismantling of buildings to recover
reusable and recyclable materials, is increasingly recognised as a key strategy for improv-
ing CDW management performance. Compared with conventional demolition, selective
approaches can substantially increase material recovery rates and improve the quality of
recovered secondary materials [8,9]. However, higher recovery rates alone do not neces-
sarily guarantee lower environmental impacts. The overall environmental performance of
demolition strategies depends on multiple factors, including transportation distances, treat-
ment technologies, recycling quality, and the substitution potential of recovered materials
relative to primary resource production [9,10].

Life Cycle Assessment (LCA) is widely recognised as one of the most robust method-
ologies for evaluating the environmental impacts of buildings across their life cycle stages,
including end-of-life (EoL) [11-13]. In the context of CDW management, LCA enables
a systematic comparison of alternative demolition and waste treatment scenarios, in-
cluding assessments of climate change impacts, resource use, and emissions associated
with transport, processing, disposal, and recycling activities [13,14]. Several studies have
demonstrated that improved CDW management can significantly reduce environmental
burdens, particularly global warming potential (GWP) [14-17]. Nevertheless, much of
the existing literature relies on generic inventory assumptions, theoretical recovery rates,
or regional-average datasets rather than on real, project-specific data [18]. Furthermore,
studies integrating a completed PDA with an LCA of the actual deconstruction outcome
remain scarce in peer-reviewed research.

Therefore, this study addresses this research gap by combining a completed pre-
demolition audit, project-specific material flow data, and a comparative life cycle assess-
ment of alternative end-of-life management scenarios for a real demolition project in Prague,
Czechia. Unlike previous studies based predominantly on generic inventories or assumed
recovery rates, the present work evaluates the environmental implications of actual de-
molition data and demonstrates how PDA-derived information can support end-of-life
decision-making. The study therefore contributes both methodologically, by demonstrating
the integration of PDA data into building LCA, and practically, by providing decision
support for selecting end-of-life material management strategies.

2. Materials and Methods
2.1. Case Study

As a case study, a freestanding nine-storey administrative building in Prague, Czechia,
built in 1971, was selected. Architecturally, the building exemplifies Brutalism. The
structure is based on a prefabricated reinforced concrete skeleton, with a central core and
four corner towers of different heights intersecting it. The building also has a curtain-wall
fagades with incorporated external sun-shading elements. The open-plan interiors, typical
of office architecture of that period, were complemented by gypsum plasterboard partitions.
The floors are primarily carpeted or covered with linoleum, and the ceilings are mineral.

2.2. Pre-Demolition Audit Data

A PDA was conducted in accordance with the EU Construction and Demolition
Waste Management Protocol [6], since national guidance is still under development. The
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documentation included an inventory of the main material by material type, conditions,
and product flows generated during deconstruction, including their quantities, transport
distances to treatment facilities, and the actual waste management and recovery pathways
applied. The primary data source for the assessment was the bill of quantities (BoQ)
provided in spreadsheet format.

The deconstruction process was divided into three main phases: (i) P1: removal of interior
components, including partitions, ceiling systems, floor coverings, and windows; (ii) P2: removal
of structural components, primarily the load-bearing structural frame; and (iii) P3: removal of
exterior building elements, including soil, retaining walls, and asphalt surfaces.

2.3. Scenario Definition

Based on the provided documents, two EoL scenarios were modelled: (i) a Circular
scenario based on an actual case study, featuring selective deconstruction practices and
high material recovery flows informed by a PDA, and (ii) a conventional business-as-
usual (BAU) scenario representing typical demolition and waste management practices
in Czechia. The second scenario reflects conventional inventory-based approach using
typical demolition and waste management assumptions for Czechia. Nevertheless, the
BAU scenario was derived from expert judgement, common industry practice, and typical
lower-value treatment routes such as backfilling, landfilling, and limited recycling. The
BAU scenario was not intended to represent a statistically verified national average.

The scenarios differ primarily in the degree of material separation and the associated
waste treatment pathways. The circular deconstruction scenario assumes higher-quality
recycling, whereas the BAU scenario reflects lower sorting efficiency and more common
downcycling practices. Overall, the Circular scenario achieved a substantially higher
material recovery rate, with 95.7% of total material flows directed to recycling, new product
manufacturing, or reuse, compared with only 60.0% in the BAU scenario. In contrast, the
BAU scenario relied predominantly on landfilling and backfilling (nearly 40.0% in total),
whereas the Circular scenario reduced this share to only 4.3%. A detailed overview of
the modelled EoL treatment pathway scenarios, including material quantities, transport
distances, and demolition phases, is provided in Table 1.

The division into phases P1, P2, and P3 is based on the commonly used Level(s)
classification system, which distinguishes between Core (P1), Shell (P2), and External
Works (P3) [19]. The only exception is the inclusion of internal walls, partitions, and
doors within the P1 category, although these elements are classified as Shell in the Level(s)
framework. This reclassification was introduced for practical reasons, as it better reflects
standard deconstruction practices. In buildings for which no BIM model is available, it is
generally not possible to reliably verify the material composition of elements concealed
within partition walls. Consequently, the proposed P1-P3 phase structure more closely
aligns with the actual reporting and management of material flows on construction sites, as
well as with the practices commonly employed by construction and demolition contractors.
Both scenarios follow the same demolition sequence; therefore, differences in the results
arise exclusively from the assumed waste management and recovery pathways rather than
from the order of demolition operations.

As the study considers only the EoL stage (Modules C2-C4) and Module D in ac-
cordance with EN 15804+A2 [20], the results are not biased by differences in the service
lives of individual building components prescribed by the Level(s) framework, which are
accounted for in the excluded Module B.
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Table 1. Overview of CDW management pathways in the modelled EoL scenarios. Note: The symbol
(o) indicates that the same scenario as in the Circular scenario was applied.

Business-as-Usual

Material Flow Circular Scenario (BAU) Scenario Demolition Phase Mass [t] Transport Distances [km]
Wood OSB board production Energy recovery P1 57.34 20
Aluminium Recycling . P1 210.18 25
Reinforcement steel Recycling . P1 271.49 25
Reinforcement steel Recycling . P2 531.57 14
Asphalt Backfilling Landfilling P3 62.18 22
Asbestos Hazardous waste landfill . P1 68.57 44
concrectgfllacar:etg ?::terials Recycled aggregate Recycling for base layers P2 9866.18 18
Recycled aggregate-testing Recycling for base layers P2 60.00 63
concrectg-rllacarsegcei arlrrsterials Recycling and material production Backfilling P3 985.54 22
Electronic waste (WEEE) Take-back scheme . P1 4.33 16
Durable products production for
Cabels use in transportation . P1 14.00 130
infrastructure projects
EPS Heat treatment . P1 3.00 11
Plastics and PVC Landfilling . P1 5.98 16
Plastic pipes Plastic granulate production . P1 0.02 16
Gravel Reuse . P1 150.00 0.5
Carpet Landfilling . P1 9.52 16
Lino/vinyl Landfilling . P1 3.22 16
Mineral wool insulation ~ Reprocessed into blown insulation Landfilling P1 5.53 66
Landfilling . P1 18.88 16
Mineral ceilings Landfilling . P1 24.14 16
Gypsum board New gypsum board production Landfilling P1 65.52 75
Backfilling . 252.84 16
Landfilling . 10.48 8
Glass Window glass production Landfilling within mixed CDW P1 95.18 260
Mixed CDW Landfilling . P1 221.82 16
Slag Landfilling . P2 115.70 44
Soil and ) Reuse in construction and Backfilling P3 5512.81 8
excavated materials land reclamation

2.4. Environmental Assessment and System Boundary

The primary objective of this study was to provide decision support for selecting
end-of-life material management strategies by comparing the overall environmental per-
formance of alternative demolition scenarios. Therefore, the assessment was designed to
capture both the environmental burdens associated with waste management and the poten-
tial benefits of material recovery and substitution in accordance with EN 15804+A2 [20].

The life cycle assessment (LCA) was conducted based on the project documentation
provided, in accordance with ISO 14040 [21] and ISO 14044 [22], EN 15978 [23], the standard
for assessment of environmental performance of buildings, as well as EN 15804+A2 [20],
the harmonised standard for environmental product declarations (EPDs) of construction
products and building materials.

The functional unit is the complete end-of-life management of the investigated build-
ing. The life cycle inventory was based on the total quantity of construction and demolition
waste generated during demolition, and all results are reported for the entire building. The
system boundary encompasses the building’s EoL stage (modules C2-C4) and Benefits and
Loads Beyond the System Boundary (module D), as defined in EN 15804+A2 [20]:

e  Module C2 (Transport to waste processing): transport of demolition materials from the
building site to processing, treatment, or disposal facilities, modelled using scenario-
specific transport distances and vehicle load assumptions;

e Module C3 (Waste processing): sorting, treatment, and recycling operations applied to
individual material streams;

e  Module C4 (Disposal): final disposal routes, including landfilling and energy recovery
where applicable;

e Module D (Net Benefits and Loads Beyond the System Boundary): potential envi-
ronmental credits arising from secondary material substitution of primary resources,
modelled using the substitution approach.
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However, Module C1 (On-site demolition activities), which includes mechanical demo-
lition, selective dismantling, and on-site sorting, was excluded from the system boundary.
The analysed building was intentionally demolished using a selective deconstruction ap-
proach from the outset; therefore, the demolition activities were identical in both scenarios
and were not a differentiating factor in the comparison. The BAU scenario in this study does
not assume demolition without sorting (“all materials in one stream”) but rather reflects
conventional demolition practice with more limited recovery pathways. Consequently,
the scenarios diverge only starting from module C2, where differences in transport, waste
treatment, recycling rates, and substitution benefits were modelled.

2.5. Life Cycle Inventory

The life cycle inventory (LCI) was compiled from two primary sources: (1) project-specific
material quantity data derived from the PDA documentation, provided by the responsible
contact person for the case study demolition project; and (2) environmental datasets from
the ecoinvent database version 3.7 [24], which represented the current background database
available at the time the assessment was carried out, accessed via SimaPro software V.9.2.

Dataset selection followed a defined hierarchy: geographically specific (Czechia or
Central Europe) datasets were preferred; when unavailable, European-average datasets from
the ecoinvent database were used. Selected datasets are listed in Supplementary Table S1.

As detailed information on the transport fleet was not available, a generic European
freight transport dataset representing unspecified EURO 6 lorries was applied consistently
to all material flows. Actual transport distances were derived from the PDA documentation,
while vehicle characteristics were assumed to be identical across both scenarios.

2.6. Life Cycle Impact Assessment

Nine impact category indicators were selected to capture the most relevant environ-
mental impacts associated with demolition and CDW management, including climate and
atmospheric impacts, ecosystem-related degradation, resource depletion and efficiency
(Table 2). Impact assessment was performed in accordance with EN 15804+A2 [20] as well.

Table 2. Selected impact category indicators and their unit of measurement.

Impact Category Indicators Unit Measure
Climate change—Global warming potential [kg CO; eq.]
Ozone depletion potential [kg CFC-11 eq.]
Photochemical ozone formation potential [kg NMVOC eq.]
Particulate matter [disease inc.]
Acidification potential [mol H* eq.]
Eutrophication potential, freshwater [kg P eq.]
Water use [m?3]
Resource use, fossils [M]]
Resource use, minerals and metals [kg Sb eq.]

2.7. Modelling of Recycling and Substitution (Module D)

In module D, environmental benefits from material recovery were modelled using an
avoided burden approach, so-called End-Of-Life approach or 0:100. Under this method, the
assessed building bears the full environmental burden of producing and using its materials,
while credits are assigned at the end of life for materials recovered through recycling or
reuse [11]. These credits reflect the avoided impacts of producing equivalent materials
from virgin resources in subsequent product systems.

The total extent of substitution benefits varied according to the material type and
the quality of the recycling process. For example, materials with high recycling efficiency
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and strong market demand, such as steel, aluminium, and glass, were assumed to replace
primary materials with comparable technical performance, resulting in significant environ-
mental credits. Environmental benefits were calculated assuming full substitution of the
corresponding primary material by the recovered secondary material, as represented by
the selected ecoinvent datasets. The substitution processes therefore represent the potential
environmental credits associated with material recovery rather than the actual downstream
utilisation of the recovered materials. For mineral waste streams, the substitution potential
was more limited and depended on the final recovery pathway. In this study, lower-quality
recycling (downcycling) refers to recovery routes in which recycled materials are used in
lower-value applications, such as backfilling or road base layers, with limited substitution
of primary materials. Accordingly, in the conventional BAU scenario, recycled concrete
was mainly modelled as aggregate used for backfilling, representing a typical downcycling
route with relatively low environmental benefits. In contrast, higher-quality recycling refers
to recovery pathways in which recycled concrete substitutes primary aggregates in the
production of new construction materials. Therefore, the Circular scenario included higher-
quality recovery pathways for selected concrete fractions, allowing partial replacement of
primary construction materials and improved environmental performance.

3. Results

The analysed case study is mainly composed of mineral materials, particularly
concrete-based materials, which accounted for nearly 11,000 t of the total mass. Metal
fractions, particularly reinforcement steel (803 t in total) and aluminium (210 t), represented
a considerably smaller share by mass. Nevertheless, these materials were among the most
important contributors to the overall environmental benefits due to their high recycling
potential, as discussed in the following sections.

3.1. Comparative Environmental Performance of the Two Scenarios

In this study, the environmental impacts for the nine selected impact categories
across the three demolition phases for both analysed scenarios: Circular and conven-
tional Business-as-usual (BAU) demolition, were calculated. Negative values in Figure 1
indicate net environmental benefits resulting from the combined assessment of modules
C2-C4 and module D. These benefits are primarily associated with material recovery, re-
cycling, and the substitution of primary materials through avoided production processes
accounted for in module D.

The interior demolition phase (P1) generated the largest environmental benefits in both
scenarios. This phase included waste processing, transportation, and recovery of materials
with high recycling potential and substitution value, particularly steel, aluminium, and
glazing. In the climate change category, the selective scenario achieved approximately
—4.99 x 10° kg CO, eq., compared with —4.14 x 10° kg CO; eq. in the BAU scenario,
representing the largest contribution to the overall difference between the scenarios. Similar
trends were observed for almost all categories.

The demolition of load-bearing structures (P2) also contributed significantly to avoided
impacts through recycling of reinforced concrete and structural steel. However, the differences
between scenarios were minimal compared to P1 because the selected scenarios were the
same—recycling for concrete and recycling for new steel production for reinforcing steel.

The exterior demolition phase (P3) showed comparatively minor contributions to
the total environmental profile. In several impact categories, only minor differences were
observed between scenarios. Furthermore, for some categories, particularly ozone deple-
tion and particulate matter formation, the results showed net positive values, indicating
environmental burdens rather than benefits. This was mainly associated with the selected
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Climate change,

concrete backfilling processes and the relatively environmental significance of exterior
materials such as asphalt and soil in these impact categories.
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Figure 1. Comparison of the total impacts (modules C2-C4 and D) between Circular and BAU
scenarios across nine environmental impact categories during the demolition phases of the project.

3.2. Environmental Impacts Across the Life Cycle Stages

Table 3 presents the contribution of individual EoL modules (C2-C4) and the envi-
ronmental benefits beyond the system boundary (module D) for the Circular scenario
across the nine assessed impact categories. In the table, results for module D are presented
separately because they represent potential benefits or burdens that are not associated with
the life cycle of a building but only indicate potential impacts of future management. This
method of interpretation allows comparisons to be made with other up-to-date literature
on building LCA, and it follows the recommendations according to EN 15978 [23].

Among the assessed EoL stages, waste processing (module C3) was the dominant

contributor to environmental burdens in most impact categories. The transportation
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(module C2) and its associated environmental impacts are not as significant as the potential
environmental benefits of material recovery, contributing between approximately 2% and
27%, depending on the impact category. The highest transport-related contributions were
primarily associated with the largest material streams in P2, particularly concrete from
load-bearing structures and the long-distance transport of selected materials, such as glass,
which was transported over 260 km, compared with an average transport distance of
approximately 40 km.

Table 3. Environmental impacts of End-of-Life (EoL) modules (C2-C4) and environmental benefits in
module D for the Circular scenario. Percentages for C2-C4 are expressed relative to total module C
(100%); module D values represent benefits relative to module C.

. C3 C4 C D
Impact Category Indicators C2 (Transport) (Waste Processing) (Disposal) (Overall) (Benefits)
Climate change, 4.05 x 10* 9.63 x 10* 3.15 x 10* 1.72 x 10° —6.14 x 10°
[kg COs eq.] (23.9%) (57.8%) (18.4%) (100.0%) (3479.3%)
Ozone depletion, 9.38 x 1073 222 x 1072 243 x 1073 349 x 1072 —2.38 x 1071
[kg CEC-11eq.] (27.2%) (65.9%) (7.0%) (100.0%) (582.7%)
Oi‘ﬁi"&%ﬁg; 1.07 x 102 5.74 x 10° 1.15 x 103 7.5 x 10° —2.64 x 10*
[kg NMVOC eq.] (1.5%) (82.7%) (15.8%) (100.0%) (264.1%)
Particulate matter, 2.82 x 1073 7.26 x 1072 7.70 x 1073 8.45 x 1072 —3.84 x 1071
[disease inc.] (3.4%) (87.5%) (9.1%) (100.0%) (353.7%)
Acidification, 1.18 x 102 1.08 x 10° 2.54 x 103 3.76 x 10° —5.26 x 10*
[mol H+ eq.] (3.2%) (29.3%) (67.6%) (100.0%) (1299.0%)
Euftrre"sﬁ’l}x‘;i:r‘m 293 1.10 7.05 1.13 x 10! 345 x 10°
[ke P eq.] (26.2%) (11.6%) (62.2%) (100.0%) (30,402.8%)
Water use, 1.99 x 10° 1.61 x 10° 8.13 x 10° 1.33 x 10* —9.56 x 10°
[m?3, depriv.] (15.2%) (23.6%) (61.2%) (100.0%) (7095.0%)
Resource use, 6.28 x 10° 1.39 x 10° 2.78 x 10° 2.35 x 10° —6.28 x 107
fossils, [M]] (27.0%) (61.2%) (11.8%) (100.0%) (2567.8%)
minif:fsuarﬁzlﬁiam 1.46 x 1071 ~1.16 x 10~ 435 x 1072 8.10 x 102 ~5.52 x 10!
’ (182.5%) (—136.2%) (53.7%) (100.0%) (68,024.8%)

[kg Sb eq.]

The largest relative benefits were observed for resource use, minerals and metals (more
than 680 times greater than module C), freshwater eutrophication (more than 300 times
greater), water use (approximately 72 times greater), and climate change (approximately
36 times greater). These results highlight the dominant influence of material recovery and
substitution effects on the overall environmental performance of the analysed scenarios.

An exception was observed in the resource use, minerals and metals category, where
module C3 showed a negative contribution. This result indicates that material recovery
during waste processing generated environmental credits that partially avoid resource
consumption associated with transport and final treatment. These credits are associated
with the avoidance of other material flows resulting from the sorting process, while the
avoided burden of recovered aluminium is separately expressed in module D.

3.3. Environmental Benefits (Module D) of Material Streams

To illustrate and compare the contribution of each material type to the results of modules
Cand D, a graph of the climate change indicator (GWP, kg CO; eq.) is shown in Figure 2.

Across all demolition phases, metals, particularly aluminium and structural steel, were
identified as the dominant contributors to environmental credits due to the high avoided
burdens associated with primary metal production. This is mainly related to the highly
energy- and emission-intensive production of primary aluminium and steel, resulting in
substantial benefits when secondary materials replace virgin resources [16]. Therefore,
even small amounts of recovered aluminium result in significant avoided impacts.
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Figure 2. Environmental impacts of individual material flows in modules C and D for the climate
change impact category (GWP, kg CO; eq.).

A further notable group is glass-based materials (glass wool, flat glass) and gypsum-
based products (e.g., plasterboard). Although their individual contributions are lower than
those of metals, their cumulative effect was considerable. These findings are consistent
with other studies, which identified material recovery, particularly of metals and glass, as a
key driver of environmental benefits [14,25-27].

In addition, electrical and electronic waste (WEEE), despite representing relatively
small material quantities, showed favourable environmental performance, underlining the
importance of proper collection and recycling of these waste streams [28].

The environmental performance of concrete recycling depended strongly on the as-
sumed recycling quality and the final application-backfilling or recycling for aggregate
production and it is affected by specific conditions of the case. In this study, generic datasets
for recycling were considered, taking into account the origin of concrete in the building
structure (see Supplementary Table S1). In addition to this, module D was modelled as
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avoided burden using the same generic process described as “Gravel, crushed {BR} | gravel
production, crushed | Cut-off, S”. Previous studies have similarly demonstrated that the
environmental impacts of recycled concrete are highly sensitive to the recycling process,
transportation distances, and the intended end-use of the recycled material. The quality of
recycled aggregates and their environmental profile are influenced by the recycling technology
employed, including crushing procedures, separation techniques, and aggregate beneficia-
tion processes aimed at removing adhered mortar [29-31]. Furthermore, transportation has
consistently been identified as one of the major contributors to the life-cycle impacts of recy-
cled aggregate concrete, often second only to cement production, making the environmental
performance strongly dependent on local supply chains and transport scenarios [32,33].

The environmental performance of concrete recycling also depends on the physical
properties of the demolished concrete, including its strength, age, and composition, which
influence the energy demand for crushing and material separation. As project-specific
information on these parameters and on the recycling technologies used by downstream
contractors was not available, generic datasets were applied. Consequently, the reported
results should be interpreted as scenario-based estimates rather than exact representations
of the actual recycling processes.

Finally, the environmental benefits achieved through concrete recycling vary according
to the final utilisation pathway. While some studies reported only limited reductions in
environmental impacts when recycled fines were used as a substitute for natural sand,
others demonstrated significant benefits when recycled aggregates effectively replaced
virgin aggregate production, thereby reducing the consumption of primary resources
and the need for landfill disposal [34-37]. Therefore, it should be noted that the benefits
reported in Module D represent a potential environmental credit rather than a guaranteed
outcome. The modelling approach adopted in this study is based on the waste management
plan and assumes that recycled concrete is recovered and used as a substitute for primary
aggregates in subsequent applications. However, after the waste materials were transferred
to recycling contractors, the actual treatment routes of individual concrete waste streams,
including the recycling processes applied, transportation distances, and final utilisation
pathways, were not tracked and are therefore beyond the scope of this study. Consequently,
the results presented for Module D should be interpreted as a scenario-based estimate of
the potential benefits associated with concrete recycling rather than as a representation of
the actual end-of-life management of the investigated building.

Similarly, as discussed in the previous chapter, not all materials resulted in environmental
benefits within module D. For expanded polystyrene (EPS), the benefits were modelled
considering an energy recovery scenario. Although energy recovery provides environmental
credits through the substitution of conventional energy production, EPS consists almost
entirely of fossil-based polymers. Consequently, its combustion generates significant fossil
CO, emissions, which outweigh the substitution benefits in the climate change impact category.
As a result, the overall contribution of EPS to GWP remains negative.

3.4. Overall Environmental Benefits

Overall, the circular scenario achieved consistently greater environmental benefits
than the BAU scenario across all impact categories. Figure 3 presents a comparative analysis
of the two analysed scenarios. The most substantial differences were observed for climate
change (accounting for 14.6%), corresponding to a net saving of approximately 872 t CO,
eq., as well as for ozone depletion (8.5%), and particulate matter formation (7.1%). These
results confirm that the environmental impact of CDW management largely depends on
the efficiency of recycling processes, the ability of materials to replace others, the quality
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of material separation, and the availability of high-value recycling pathways, all of which
improve the environmental performance of CDW management.

16.0%
14.6%

14.0%
12.0%
10.0%
8.5%
8.0% 7.1%
0,
6.0% 4.8% 4.9% 4.6%
4.0% 3.2%
2.0%
2.0% .
0.0%

b -—
I oo
>

g €C— g ST b e £ S > g))",_. %)
- > — R
e 2% 928 €7 28 23— 25 355 ;8
T o O ~ E 0O mg T + NEU - O @ 803'_'
S o+~ oEg ES Lr 2329 o0 g 3 Eg&
o o\ £ = o O sz < a = . =
o o s> < © o =1 0o T O
Lo ° o Q 20 T O Q7% w o8y oc
Tw ok 0895 &8 GE 08X SE 22 2§58
A c 3 << — O 4=
= w 25 o2 5 o o2
= gx_cono._'.s o ? T N
O = oo N oo O = =
(@) o © ()
S CEC
€

Figure 3. Relative comparison of overall environmental results between the circular and BAU
scenarios, expressed as percentages, with the circular scenario set at 100%.

4. Discussion
4.1. Comparison of the Environmental Impacts of the Scenarios with Previous Studies

The results of this study demonstrate that the circular approach, combined with se-
lective deconstruction and improved CDW management, can reduce the environmental
impact of building EoL by 1-15% across assessed impact categories compared to conven-
tional demolition. While this range is more conservative than some published data, it
reflects realistic conditions based on actual project data rather than theoretical scenarios.

For example, Bayram et al. reported that GWP results are approximately twice as
low for highly selective options compared to partially selective approaches when avoided
impacts are considered [17]. Quéheille et al. similarly found that deconstruction reduces
most environmental impacts by approximately 25% for GWP [14]; however, their analy-
sis also identified that for 4 of 16 impact categories, conventional demolition exhibited
a smaller impact than deconstruction, underlining that selective approaches do not uni-
versally outperform conventional ones across all indicators. Comparable findings were
reported by Pantini et al., who observed that selective deconstruction performed better than
conventional demolition in selected impact categories: for climate change (48%), energy use
(64%), and resource depletion indicators, mainly due to enhanced recovery of glass, metals,
and other CDW [25]. These findings are consistent with the present study, which identified
material recovery, particularly of metals and glass, as a key driver of environmental benefits.
In turn, Di Maria et al. showed impact reductions of 36% for recycling and 59% for selective
demolition scenarios, compared with landfilling [16]. However, direct comparison with
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the present study is limited, as the BAU scenario also included recycling of major material
streams, particularly concrete and metals.

4.2. The Limited Role of Transport

Although transportation is often cited as a factor influencing the environmental perfor-
mance of CDW management [26,38—40], its contribution was relatively limited in this case
study, ranging from only a few percent to approximately one-third of total EoL impacts,
depending on the impact category. This finding is broadly consistent with those of Atta et al.
who reported that CDW recycling remained environmentally advantageous when transport
distances were below approximately 70 km [26]. In contrast, Antunes et al. conducted a
sensitivity analysis and concluded that when the distance to a treatment facility exceeds
approximately 140 km, the environmental feasibility of recycling rather than landfilling
should be carefully evaluated [40].

In the present study, most material flows were transported within an average distance
of 40 km. Exceptions included WEEE, gypsum board, and glass, which required longer
hauls to specialised facilities; however, these streams represent a small fraction of the
total waste mass, and their transport contribution did not materially alter the overall
environmental profile. Even assuming a hypothetical doubling of transport distances
occurs, transportation impacts (module C2) would increase proportionally; the overall
results would remain dominated by the environmental benefits generated in module D.
The results are presented in Table 4.

Table 4. Sensitivity analysis of transport distances. Module D environmental benefits are expressed
relative to the impacts of modules C2-C4 (module C = 100%). The modified scenario assumes a
double increase in transport distances for all material flows.

Relative Benefit After Doubling

[kg Sbeq.]

Impact Category Indicators  Original Relative Benefit (%) Transport Distances (%) Relative Change (%)
Climate change
! 3479.3% 2790.0% —19.8%
[kg COz eq]

Ozone depletion, o o o= o
[kg CFC-11eq.] 582.7% 436.9% 25.0%
Photochemical

ozone formation, 264.1% 258.8% —2.0%

[kg NMVOC eq.]

Particulate matter, 353.7% 338.9% —4.2%
[disease inc.]
Acidification, 1299.0% 1256.0% ~33%
[mol H+ eq.]
Eutrophication,
freshwater, 30,402.8% 24,075.9% —20.8%
[kg Peq.]
Water use,
3 . 7095.0% 6146.5% —13.4%
[m”, depriv.]
Resource use, o o _ o
fossils, [M]] 2567.8% 2001.1% 22.1%
Resource use,
minerals and metals, 68,024.8% 24,013.2% —64.7%

The largest relative reduction was observed for resource use, minerals and metals
(65%), followed by ozone depletion (25%), resource use, fossils (22%), freshwater eutroph-
ication (21%), and climate change (20%). Water use showed a slight reduction (13%),
whereas acidification (3%), photochemical ozone formation (2%), and particulate matter for-
mation (4%) showed only minor changes. Therefore, unlike studies that identify transport
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distance as a limiting factor for recycling feasibility, the present case suggests that selective
deconstruction and a high material recovery approach would remain environmentally
preferable even under substantially longer transport distances.

4.3. Exclusion of On-Site Demolition Activities and Scope Limitations

On-site demolition activities (module C1) were excluded from the system boundary
based on two assumptions. First, from a comparative perspective, demolition processes
are expected to be largely similar across scenarios. Material on-site separation is required
by current legislation and common demolition practice; therefore, the main differences
between the scenarios arise primarily from the subsequent waste management routes and
recovery pathways beyond the demolition site rather than from the demolition activities
themselves. Second, previous studies have shown that the environmental impacts associ-
ated with on-site demolition operations are generally minor compared with those related
to material processing, transportation, and end-of-life treatment [41,42]. This assumption is
supported by Quéheille et al., who found that demolition and deconstruction activities were
among the smallest contributors among EoL modules in most analysed case studies [14].
The study of Zakerhosseini et al. shows similar results [27].

Moreover, circular economy and circular design principles may reduce module C1’s
future impacts. Strategies such as Design for Disassembly (DfD), modular construction, and
the implementation of reversible connections can facilitate selective dismantling, reduce
demolition effort, and improve material recovery [43,44]. While C1 generally contributes
less than downstream recovery processes, integrating circular design may then further
improve environmental performance at the building EoL stage.

The relatively high contribution of Module D observed in this study should be in-
terpreted with respect to the system boundaries [45]. Although the potential benefits
associated with material recovery are substantial, they represent benefits beyond the sys-
tem boundary and should not be directly compared with the impacts occurring during
the production and use stages of the building. Previous life cycle assessment studies
have consistently shown that embodied impacts associated with material production
(A1-A3) are among the dominant contributors to the overall environmental performance
of buildings [46]. Furthermore, depending on the building typology, service life, opera-
tional energy demand, and assessment scope, the impacts associated with modules A—C
may exceed the potential benefits reported in Module D by an order of magnitude [47].
Therefore, the results do not suggest that end-of-life processes are more important than
the production and use stages. Rather, they highlight the significant potential of circular
economy strategies to reduce life-cycle impacts.

Although mineral materials constitute the majority of the building mass, the overall
environmental performance was largely influenced by the recovery of relatively small
quantities of aluminium, steel, and glass. This reflects the high environmental burdens
associated with the production of these materials and the substantial credits obtained
through their substitution in Module D. The analysed case study represents a typical
reinforced concrete office building with a curtain-wall fagade constructed in the 1970s,
which is a common building typology in Czechia and Central Europe. Therefore, while
the quantitative contribution of individual material streams may vary for buildings with
different structural systems or material compositions, the methodological conclusions and
the identified benefits of integrating PDA data into LCA are considered representative for
this type of building.
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4.4. Scenario Assumptions and Remaining Improvement Potential

The BAU scenario was defined based on expert assumptions and common industry
practice, so results could vary based on the different pathways or interpretations. Different
assumptions regarding material separation efficiency or waste treatment routes could shift
the calculated performance gap.

The circular scenario is one of the most successful examples of managing a build-
ing at the end of its life cycle in the Czech context; nevertheless, certain improvement
opportunities were identified during the project.

Gypsum board recovery could be increased by addressing legislative barriers. In the
analysed case, recycling became feasible only after the manufacturer obtained authorisation
to process construction waste directly, enabling a closed-loop recovery pathway.

Further improvements remain possible for mineral waste streams through optimisa-
tion of recycling pathways. In the analysed case, different concrete and masonry fractions
were intentionally separated and managed through distinct treatment routes. Construction
debris consisting primarily of interior masonry materials and part of the basement concrete
was transported separately and predominantly used in lower-value applications such as
backfilling. In contrast, the largest material stream—load-bearing reinforced concrete from
the structural frame—was directed to a concrete plant and recycled into new concrete
products, resulting in higher substitution benefits. Although interior masonry fractions are
not explicitly distinguished in the final disposal inventory, they were managed separately
in practice due to the phased demolition process, with interior stripping and structural
demolition taking place several months apart.

Also, steel elements, when in good structural condition, offer a direct reuse opportunity
that has not been fully utilised due to operational wear and tear. Carpet and soft floor
finishes, if cut to standard dimensions prior to removal, could be recycled.

These observations illustrate the gap between technically achievable and currently
implemented practice, underlining the potential of PDAs to facilitate more effective and
sustainable EoL management. Although the quantities of materials delivered to recycling
and recovery operators were established in the project documentation, the subsequent
treatment of these materials could not be verified. Information on actual recycling effi-
ciencies, market substitution rates, and the final applications of secondary materials was
not available. Consequently, the benefits reported in Module D should be interpreted as
scenario-based estimates of the potential environmental benefits associated with material
recovery rather than the actual environmental performance achieved after the materials
left the demolition site.

It should also be noted that the choice of environmental datasets can significantly
influence LCA results. In this study, datasets were selected to maximise geographical
representativeness for Central European conditions and to ensure comparability between
recovered secondary materials and the primary materials they substitute. Nevertheless,
alternative datasets or assumptions regarding substituted products may lead to different
absolute values of environmental impacts and credits, particularly in Module D. The results
should therefore be interpreted in the context of the selected modelling approach and
database assumptions.

4.5. Policy Context and Implications for National Practice

The findings of this study have direct relevance for policy development on CDW
management at the Czech national level: PDAs and selective deconstruction are not yet
current established practices. There is currently no binding national standard (CSN) in
Czechia that directly prescribes the format and conduct of a PDA. Its implementation is
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currently governed by the EU Protocol on the Management of Construction and Demolition
Waste and complies with the requirements of the Waste Act.

The results of this study provide empirical evidence supporting the wider adoption
of PDAs and selective deconstruction practices as effective tools for increasing material
recovery and reducing the environmental impacts of buildings” EoL management.

The wider implementation of pre-demolition audits in Czech practice will require
not only legislative support but also practical implementation tools. These include stan-
dardized audit templates, consistent reporting requirements for demolition contractors,
improved traceability of recovered material flows, and stronger integration of PDA findings
into demolition planning and permitting processes. Such measures would improve the
reliability of material inventories and facilitate higher-quality material recovery, thereby
increasing the environmental benefits identified in this study.

5. Conclusions

This study presented a comparative LCA of two EoL management scenarios for the
administrative building in Prague, Czechia, based on a detailed pre-demolition audit. The
circular scenario achieved approximately 15% greater climate benefits than conventional
demolition approaches, corresponding to a net saving of approximately 872 t CO; eq, with
consistent environmental improvements across all assessed impact categories, ranging
from 1% to 8.5%. The largest environmental credits originated from the recovery and
recycling of high-value materials, particularly aluminium, steel, and glass-based materials.
Although concrete represented the largest material flow by mass and remained a significant
contributor to total impacts, its environmental performance depended strongly on the
quality of recycling pathways and the final application of recycled material.

The results further demonstrated that transportation had a relatively minor influence
on the overall environmental profile compared with the impacts and benefits associated
with material recovery and substitution processes, even if doubled. Nevertheless, optimisa-
tion of transport logistics may provide additional environmental improvements. Future
studies may also consider including demolition activities (module C1) to provide a more
comprehensive assessment of EoL environmental impacts.

The study also highlights the importance of accurate material inventorying, reliable en-
vironmental datasets, and project-specific modelling assumptions. The results demonstrate
that project-specific data obtained through a pre-demolition audit provide a valuable basis
for scenario-based life cycle assessment and support decision-making regarding end-of-life
material management.

Overall, the findings demonstrate that integrating project-specific PDA data into
LCA enables a more robust comparison of alternative end-of-life management scenarios
and provides decision support for selecting material recovery strategies within a circular
economy framework.
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