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Abstract
Circular construction relies on digital marketplaces to over-
come supply chain fragmentation, yet manual search for
reclaimed components remains a critical bottleneck. This
research develops a context-aware recommendation sys-
tem for reusable material matchmaking. Utilizing a mul-
tidimensional weighted ranking algorithm with hard and
soft constraints, the system adaptively aligns material at-
tributes with project requirements. Validated through ex-
pert elicitation and a design simulation user study, results
demonstrate high material findability and low cognitive
load. However, insufficient algorithmic transparency can
induce user friction. This work establishes a foundation
for role-centric matchmaking, with future research focus-
ing on similarity score cutoffs, enhanced interpretability,
and API-driven cross-platform interoperability.

Introduction
Digital material marketplaces are evolving into mediatised
platforms that foster a circular construction sector by en-
abling the sustainable reuse of building materials. Nev-
ertheless, many existing reuse platforms operate within
isolated local communities, preventing economies of scale
and restricting the volume of available secondary products
compared to primary materials. Consequently, the low
quantity and high diversity of reclaimed batches often pre-
clude their procurement in new construction projects. Re-
cent literature identifies several critical barriers to platform
effectiveness: (1) structural and economic obstacles such
as high upfront costs; (2) operational constraints caused by
the lack of spatial and temporal synchronization between
deconstruction and construction phases; (3) informational
gaps stemming from a lack of automated data entry and
standardized performance documentation (Wilson et al.,
2025; Quertamp et al., 2025); and (4) low user adoption.
Notably, 70% of marketplaces prioritize auxiliary services
(e.g., building inventory, logistics) over core digital infras-
tructure (Menny et al., 2024), resulting in underutilized
databases that fail to reach the critical mass necessary to
bridge the gap between supply and demand.
To address these challenges, research suggests transition-
ing from project-centered to role-centric matchmaking
through asynchronous loops that mitigate strict synchro-
nization requirements (Menny et al., 2024). Technological
interventions such as blockchain, the InterPlanetary File

System (IPFS) (Protocol Labs, 2026), and Digital Product
Passports (Honic et al., 2024) are being explored to en-
sure traceability (Wilson et al., 2025). Furthermore, the
integration of standardized circularity indicators and inter-
operable APIs aligned with Circular Economy standards
(ISO/TC 323, 2018) facilitates cross-platform communica-
tion. Finally, participatory action research and regulatory
alignment with Extended Producer Responsibility laws en-
sure that digital tools meet real-world operational needs
and compliance requirements (Podkalicka and Fredriks-
son, 2023; Quertamp et al., 2025).
While these frameworks provide the necessary infrastruc-
ture for data exchange, their utility depends on early-stage
intervention within the design process to maximize reuse
potential before in-situ reclamation. Building upon this
requirement, this study develops a Context-Aware Rec-
ommendation System (CARS) designed to facilitate the
matchmaking of both in-situ components and off-site re-
claimed materials. By employing a multi-phased partic-
ipatory design approach with actors from Swiss market-
places, this research seeks to: (1) identify critical decision-
making factors to encode heterogeneous inputs into a uni-
fied schema; (2) integrate temporal and geospatial pref-
erences into a context-aware engine to enhance logistical
viability; and (3) provide explainable recommendations
to foster user trust. To achieve this, the system encodes
semantic and quantitative material records into a multidi-
mensional vector database, facilitating similarity matching
based on the mathematical proximity between dynamic
user requirements and material attributes. By incorpo-
rating image data and explainability features, the system
addresses the ”black box” friction common in traditional
vector retrieval.
The paper demonstrates the feasibility of integrating a
CARS into a user-friendly interface that delivers person-
alized matchmaking based on dynamic constraints. By
enabling users to interactively adjust priority levels across
multilingual inventories, the system generates ranked out-
comes with matching scores that reveal the underlying
weighted logic. This guides users to iteratively refine
search parameters and explore alternative material choices
when exact matches are insufficient. Preliminary findings
validate that high operational speed and intuitive weighted
search logic effectively bridge the gap between technical
retrieval and architectural design rationale. However, the
results also highlight a critical need for enhanced semantic



transparency and similarity thresholds to ensure reliability
as databases scale. This research contributes a method-
ological framework for optimizing the quality and diversity
of early-stage matchmaking in circular construction.

Related work

Relevance of context-aware recommender systems
CARS address the structural fragmentation and logisti-
cal constraints of material reuse by synchronizing spatial
and temporal data. Unlike static systems, CARS incor-
porate dynamic attributes, such as disassembly windows
and geographic proximity, to adapt results to immediate
project needs (Adomavicius et al., 2011; Afzal et al., 2024).
This approach mitigates the data sparsity and cold-start
problems inherent in unique, transient secondary mate-
rial databases by leveraging contextual constraints to esti-
mate preferences when historical interaction data is absent
(Kulkarni and Rodd, 2020). Consequently, the system
models evolving professional requirements throughout the
project lifecycle rather than relying on fixed interest mod-
els (Huang et al., 2024).

Distinctive nature of secondary matchmaking
Secondary material matchmaking differs from standard e-
commerce due to high item heterogeneity and the absence
of reciprocal supplier constraints. The process shifts from
exact stock keeping unit matching to similarity match-
ing of non-standardized components using quantitative,
qualitative, and vector-based image data (Adomavicius
et al., 2011). Furthermore, professional selection requires
a multi-criteria evaluation framework rather than a sin-
gle consumer rating (Afzal et al., 2024). Practitioners
must concurrently weigh technical specifications, aesthet-
ics, and environmental impact. This necessitates a ranking
system capable of balancing diverse factors against spe-
cific professional workflows rather than simple popularity
metrics.

Explainability in professional decision-support
Explainability transforms the recommendation engine
from an opaque ”black box” into a transparent support
framework, establishing the epistemic trust necessary for
high-stakes construction decisions (Tintarev and Masthoff,
2015). By allowing users to explicitly define attribute
weighting, such as prioritizing structural load over aesthet-
ics, the system provides requirement-specific justifications
for its suggestions (Lai et al., 2024). This transparency
is vital for validating unique, reclaimed components. Ex-
plicitly describing how a material aligns with complex
project constraints ensures that recommendations are both
actionable and interpretable within professional discovery
processes.

Methodological framework
This research employs a multi-phased participatory de-
sign approach to develop a context-aware matchmaking
platform. Initial scoping involved consultations with ex-
perts from Swiss secondary material companies to elicit

operational workflows and define technical metadata re-
quirements. An iterative development phase followed,
where stakeholders evaluated prototype design considera-
tions and prioritized functionalities. Finally, the platform
underwent empirical evaluation through a structured user
study with four native German-speaking participants. This
linguistic selection ensured valid interaction with the lo-
calized interface and database.

User requirements
Technical and metadata requirements
Effective matchmaking necessitates the integration of
high-fidelity material attributes across three categories:
fundamental dimensions and classification; performance
metrics (e.g., thermal or acoustic properties and mount-
ing specifications); and a standardized physical condition
scale. Expert elicitation indicates that practitioners priori-
tize chronological age over manufacturer identifiers when
assessing reclaimed value. Furthermore, high-quality vi-
sual documentation is critical for the remote assessment of
unique components. To ensure interoperability, the search
schema aligns with DIN SPEC 91484 (DIN German Insti-
tute for Standardization, 2024) and Digital Product Pass-
port frameworks (Honic et al., 2024), facilitating a unified
infrastructure for cross-platform exchange.

Role-specific functional requirements
Matchmaking architectures must accommodate the diver-
gent workflows of specialized professional groups. Ar-
chitects and designers prioritize reliability and contex-
tual inspiration, typically matching available inventories
against pre-defined design constraints. Conversely, busi-
ness owners and contractors emphasize carbon savings and
regulatory compliance over initial procurement costs. To
ensure functional integrity, these stakeholders require in-
tegrated services such as quality assurance, professional
testing, and specialized cleaning. The system addresses
these needs through a dual-announcement model compris-
ing both supply listings and search requests. This bifacial
architecture facilitates a proactive procurement process tai-
lored to the logistical demands of circular economy actors.

Operational and logistical requirements
Systemic viability depends on managing the physical con-
straints of the construction sector. Geospatial filters are
integrated to mitigate transport costs, which frequently
dictate the economic feasibility of secondary materials.
To address the primary cost drivers in the reuse cycle,
the system supports material demand prediction to opti-
mize storage management. Additionally, operational data
regarding deconstruction viability (e.g., ease of disassem-
bly, fragility, and weight) is essential for sourcing materials
in situ.

Psychological and soft factors
Material provenance, historical context, and environmen-
tal significance are decisive factors in the selection of
reclaimed components. To manage the complexity of



non-standardized items, the system utilizes intuitive in-
terface features designed to minimize cognitive load and
user anxiety. Successful matchmaking requires a synthesis
of a component’s history, physical health, and spatiotem-
poral availability. Aligning these narrative qualities with
rigorous technical constraints ensures a reliable material
exchange.

Design goals

Based on the research framework and expert elicitation,
five core design goals are established to transition digital
marketplaces toward multidimensional decision support.

1. Multidimensional similarity matching
The system implements similarity matching to shift from
rigid queries to the flexible discovery of heterogeneous
components. Representing qualitative and quantitative di-
mensions within a vector database enables the engine to
suggest functional alternatives aligned with latent project
objectives rather than restricted search terms.

2. Spatiotemporal and logistic optimization
Geospatial proximity and temporal availability are inte-
grated as dynamic factors managed through user-defined
priority levels. This addresses the critical synchroniza-
tion required between in-situ deconstruction windows and
reconstruction schedules, ensuring logistical feasibility.

3. Role-centric recommendation logic
The engine adapts weighting parameters to the distinct
priorities of stakeholders. While individual users may
focus on cost, professional architects often emphasize car-
bon savings and technical reliability. Tailoring the ranking
logic to these requirements ensures professional relevance.

4. Trust through explainability and user experience design
Transparent recommendations detail the reasoning behind
matches, such as shared mounting specifications or con-
dition ratings. This transparency, combined with stream-
lined interaction patterns, bridges the trust gap regarding
the performance of reclaimed materials in a risk-averse
sector.

5. Data interoperability and aggregation
The platform functions as a meta-aggregator to address
market fragmentation. By aligning with international stan-
dards and aggregating data across multiple engines, the
system provides a comprehensive regional overview, en-
suring recommendations are derived from high-quality,
interoperable datasets.

System overview
Material data schema

The data integration and structural representation, denoted
as 𝑀 , synthesizes metadata of each material item into an
integrated schema.

𝑀 = {id, 𝐼, 𝑄, 𝑃, 𝑆, 𝐿, 𝑇}



𝐼 = (𝑇, 𝐷) Title and description
𝑄 ∈ {new, good, poor} Quality interval
𝑃 ∈ R≥0 Unit price
𝑆 = (𝑤, ℎ, 𝑑) ∈ (R+)3 Volumetric Dimensions
𝐿 = (𝜙, 𝜆) Geospatial coordinates
𝑇 = (𝑡𝑠𝑡𝑎𝑟𝑡 , 𝑡𝑒𝑛𝑑) Temporal period

(1)

The material schema is formalized as a multi-layered tuple.
The identification layer {id, 𝐼} integrates a unique identi-
fier with a descriptive metadata. Economic and qualitative
dimensions are represented by unit price 𝑃 and material
integrity 𝑄, with the latter categorized into three discrete
intervals to facilitate standardized circular recovery assess-
ment. Finally, the system encodes physical, geospatial,
and temporal constraints via 𝑆, 𝐿, and 𝑇 , which define
volumetric attributes (𝑤, ℎ, 𝑑), coordinates (𝜙, 𝜆), and the
operational validity period (𝑡𝑠𝑡𝑎𝑟𝑡 , 𝑡𝑒𝑛𝑑).

Platform architecture
The platform is engineered for data ingestion and seman-
tic retrieval using a serverless framework. The system is
partitioned into two distinct operational pipelines leverag-
ing edge computing to minimize latency and ensure linear
scalability, as illustrated in Figure 1.

Figure 1: System archtiecture and workflow.

Material seeding pipeline
The seeding pipeline initiates with edge-based input pro-
cessing via Cloudflare Workers. These functions execute
data normalization and validation of attributes, including
Swiss eBKP classification codes (Swiss Society of En-
gineers and Architects, 2020), pricing, and dimensions.
Following refinement, the Gemini Embedding model (Lee
et al., 2025) transforms textual descriptions and technical



parameters into high-dimensional vectors. These repre-
sentations are indexed within Vectorize, a distributed vec-
tor database maintaining the latent space of all material
profiles.

Material retrieval pipeline
The retrieval pipeline facilitates semantic search by trans-
lating natural language queries into vector representations.
The architecture executes similarity analysis using a k-
nearest neighbor (k-NN) algorithm to calculate the cosine
similarity between the query vector and stored indices.
By identifying elements based on spatial proximity in the
latent space, the system overcomes the limitations of tra-
ditional keyword matching for non-standardized material
descriptions.

Material recommendation system widget
Integrating specifications into the digital Material Hub
(Figure 2) triggers a ranked list of recommendations based
on calculated matching scores. System widgets allow for
the iterative adjustment of preference weights, enabling
real-time exploration of alternative candidates.

Figure 2: Material Hub dashboard prototype highlighting the
integrated modules for material registration, multidimensional

search, and user profile management.

Material data ingestion
The system supports dual-mode data ingestion: automated
batch processing via inventory files (e.g., pre-renovation
or pre-demolition audits) or manual entry, as shown in
Figure 3. The automated pipeline utilizes Large Language
Models (LLMs), specifically Llama 3.1 8B Instruct (Meta
AI, 2024), to parse unstructured data and extract material
properties. In cases of data scarcity, the system maintains
integrity by imputing missing values based on category
averages. Imported materials are automatically mapped to
Swiss eBKP-H classification codes (Swiss Society of En-
gineers and Architects, 2020) to standardize heterogeneous
documentation into a structured database.

Preference adjustments
To optimize discovery within multidimensional decision
spaces, the system utilizes a weighted vector retrieval

Figure 3: User interface for material data ingestion by batch
processing or manual entry.

mechanism. Users calibrate the recommendation engine
by assigning discrete priority levels to specific attributes,
which are translated into quantitative weights. This pro-
cess employs a dual-constraint logic: hard constraints
serve as binary filters to exclude non-compliant materi-
als, while default soft constraints facilitate fuzzy matching
to preserve high-potential alternatives.

Geospatial logistics and proximity
The system integrates an interactive mapping interface
powered by OpenStreetMap to manage geographical con-
straints. Users define a central project coordinate and a
search radius, restricted to a maximum of 100 km. This pa-
rameter is empirically derived from expert interviews, re-
flecting the logistical threshold where transportation costs
and environmental impacts typically become counterpro-
ductive for reclaimed materials.

Global weight distribution and ranked results
To enhance interpretability, the system visualizes the con-
tribution of individual attributes to the final similarity
scores. As illustrated in Figure 5, the global weighted
attributes of the aggregated k-matched items are displayed
in a stacked bar chart.
The top 𝑘 items are ranked using a late-fusion integra-
tion logic that synthesizes unstructured semantic data with
structured constraints, presented in modular cards in Fig-
ure 6. To provide granular transparency, each entry dis-



Figure 4: Material information import, extraction, and
standardization.

Figure 5: Global weight of attribute-level contribution to the
similarity scores of k-matched items.

plays a ”local weight” representing the aggregate align-
ment of its specific attributes. We define 𝑠sem (𝑚𝑖) as
the cosine similarity between embeddings, and 𝑠 𝑗 (𝑚𝑖) ∈
[0, 1] as normalized scores for 𝐽 structured preference
criteria (e.g., distance, quantity, and condition). The final
ranking score 𝑆final (𝑚𝑖) is produced via linear aggregation:
Items are sorted in descending order of 𝑆final (𝑚𝑖). This
framework ensures the ranking remains interpretable, al-
lowing users to discern the relative importance of latent
semantic relevance versus explicit attribute requirements.

𝑆final (𝑚𝑖) = 𝑤sem 𝑠sem (𝑚𝑖) +
𝐽∑︁
𝑗=1

𝑤 𝑗 𝑠 𝑗 (𝑚𝑖),

𝑤sem +
𝐽∑︁
𝑗=1

𝑤 𝑗 = 1, 𝑤sem, 𝑤 𝑗 ≥ 0.

System evaluation
This section presents a multi-faceted evaluation of the plat-
form, assessing technical efficiency via quantitative met-
rics, retrieval accuracy through a hybrid ranking analysis,
and practical utility via controlled user studies.

Performance assessment
Performance was evaluated based on latency (end-to-end
processing duration) and scalability (performance stabil-
ity relative to repository growth). Latency measurements
across the retrieval pipeline, comprising embedding gen-
eration, vector similarity search, deterministic filtering,
and final scoring, indicate that response times remain
within thresholds for real-time interaction. Vector sim-
ilarity search is the most intensive stage. However, the

Figure 6: Ranked material candidates with localized attribute
decomposition for the search query ”windows.”

implementation of approximate nearest neighbor index-
ing significantly reduces retrieval time compared to linear
scans. Embedding generation and final ranking opera-
tions contribute marginal overhead, as the latter processes
a pruned candidate subset.
Incremental dataset scaling experiments confirm that the
approximate nearest neighbor indexing structure maintains
sub-linear growth, avoiding exhaustive comparisons. This
scalability and throughput is augmented by a serverless ar-
chitecture that enables concurrent operations through au-
tomatic worker instantiation. These findings suggest the
architecture can support expanding marketplaces without
significant performance degradation.

Retrieval quality and error analysis
Preliminary quality assessments verified the alignment of
retrieved materials with semantic intent and structured
constraints. A comparative analysis between purely se-
mantic and hybrid strategies reveals that while semantic-
only retrieval excels at discovering conceptually related
materials with divergent terminology, it frequently iden-
tifies candidates that fail physical or logistical require-
ments (e.g., geographic proximity). The hybrid pipeline
resolves this by integrating deterministic filtering, suc-
cessfully pruning unsuitable results while preserving the
discovery advantages of vector search.
Error analysis identified three primary failure modes: (1)
data sparsity, where incomplete descriptions prevent high-
fidelity semantic representations; (2) category overlap,



where distinct materials (e.g., panels vs. beams) share
similar descriptive language; and (3) linguistic ambiguity,
where vague queries produce broad, low-precision result
sets. These findings underscore that structured metadata is
essential for resolving the inherent ambiguities of natural
language in technical domains.

User study
The user study evaluated the platform’s functional perfor-
mance across four dimensions: usability, retrieval efficacy,
design alignment, and qualitative feedback. Participants
conducted a design simulation for a temporary pavilion in
Zurich, navigating a database to source technical compo-
nents (e.g., glazing units, HVAC systems) under specific
lifespan and safety constraints. This iterative process, as
shown in Figure 7, facilitated a multidimensional analysis
of system usability, the efficacy of the recommendation
engine in discovery, and the alignment of results with ar-
chitectural design rationales.

Figure 7: User interface for multidimensional vector search
with constraint-based material retrieval logic.

System usability and user experience
Usability was assessed via metrics adapted from the Sys-
tem Usability Scale (Lewis, 2018). Participants reported
low system complexity and high consistency, evidenced

by high learnability scores (Median = 4.5) and low cogni-
tive load. Technical confidence remained high (Median =
4.0), though variability (𝑆𝐷 = 1.50) indicates that individ-
ual technical self-efficacy influences the user experience.
Workflow fluidity analysis showed strong functional inte-
gration between vector search and filtering (Mean = 3.75,
𝑆𝐷 = 0.50). While 75% of participants perceived the
system as highly consistent, divergent scores in intended
frequency of use suggest that perceived utility is sensitive
to individual professional context.

Information retrieval and discovery efficacy
The efficacy of the vector store and recommendation en-
gine was validated by a mean search success score of 8.0
(𝑆𝐷 = 1.15) on a 10-point scale, with no reported search
failures. Participants identified ”description”, ”name”,
and ”size” as the most critical metadata for procurement
decision-making. However, a ”black-box” effect was ob-
served regarding the ranking logic. Participants noted
that weighted search results lacked sufficient descriptive
interpretation, highlighting a requirement for greater al-
gorithmic transparency and interpretability in the retrieval
output.

Design rationale and requirement alignment
The simulation demonstrated the platform’s ability to
bridge technical retrieval with architectural application.
Material selection was driven by semantic matches (type,
color) and structured constraints (price, location, and age).
Participants successfully identified components aligned
with project requirements, demonstrating a correlation be-
tween search precision and the ability to justify circular-
ity. However, search friction occurred when qualitative
reasoning was required, suggesting that effective reuse ad-
vocacy depends on both engine precision and the user’s
prior technical knowledge.

Qualitative feedback and iterative improvement
Participants cited high operational speed and the weighting
algorithm as primary drivers of efficacy. Interactive filters
provided ”positive friction”, allowing users to refine dis-
covery based on geographical requirements. Conversely,
significant bottlenecks included high initial information
density and the absence of ”empty state” feedback. The
vector engine’s tendency to return loosely related items
for unmatched queries, such as displaying glazing units
for sanitary ware, caused user frustration.

Discussions
Theoretical positioning and contributions
A primary challenge in circular construction platforms is
the semantic gap caused by non-standardized, short-text
descriptions, which often triggers cold-start failures in tra-
ditional algorithms (Van Capelleveen et al., 2021). While
existing systems rely on rigid feature crosses and static
metadata (Tserng et al., 2025), they struggle with the lin-
guistic ambiguity of ”in-the-wild” data. Our research ad-



dresses this by implementing a late-fusion linear aggre-
gation logic. By utilizing semantic embeddings to navi-
gate jargon-heavy descriptions, the system identifies con-
ceptually relevant materials that keyword-based searches
exclude. This adaptive approach enables soft trade-offs
where high semantic relevance compensates for minor at-
tribute mismatches, ensuring findability despite the data
sparsity identified in our error analysis.
Our evaluation confirms that algorithmic ”black-box” be-
havior remains a significant source of user friction (Black-
burn et al., 2026). Participants noted that while the rank-
ing was successful, the rationale behind specific scores
remained opaque. This validates the necessity of our pro-
posed ”glass-box” framework. By exposing ranking logic
via local attribute decomposition, the system allows pro-
fessional users to verify how semantic intent is balanced
against physical requirements. This transparency is crit-
ical for reducing the cognitive load and decision-making
friction observed during the user study, where a lack of
descriptive interpretation was highlighted as a primary
bottleneck.
The architecture is positioned to facilitate high-value com-
ponent flows between demolition and construction, ad-
dressing the need for platforms to move beyond disci-
plinary silos (Blackburn et al., 2026). By adopting an
API-ready framework, this work supports the platform-
enabled coordination necessary to close resource loops.
The multidimensional weighted ranking provides the gov-
ernance logic required to manage ecosystem-wide inter-
dependencies, shifting the focus from low-grade recycling
to high-value resource retention and supporting circular
construction through role-centric matchmaking.

Limitations and future work
The system evaluation revealed several technical and user
experience limitations that define our future research path-
way. The error analysis highlighted a critical need for a
similarity score cutoff. Currently, the vector engine lacks
a hard threshold, occasionally retrieving unrelated items
(e.g., displaying glazing units for sanitary ware queries)
when direct matches are absent. Implementing a calibrated
cutoff will enable ”no results found” notifications, prevent-
ing the user frustration observed during redundant filter
refinement. While the weighting algorithm is technically
sound, the user study identified a gap in semantic trans-
parency. Future iterations will replace the current toggles
with dynamic weight tuning and introduce semantic prox-
imity labels. These features, alongside integrated imagery
and empty-state feedback, will transform the ranking logic
into a more interpretable tool, mitigating the information
density issues reported by participants. To enhance data
robustness, the architecture will be restructured as an API
service layer to ingest structured material data from exist-
ing public marketplaces. Furthermore, the limited sample
size necessitates future evaluations with larger, diverse
participant groups to benchmark the hybrid system against
other context-aware recommender systems and validate the

findings across broader supply-and-demand scenarios.

Conclusions
This study validates that a multidimensional vector rank-
ing system, augmented by dual-constraint logic, effectively
supports the sourcing of reusable materials for architec-
tural design. The preliminary findings indicate that while
high operational speeds and weighted results facilitate dis-
covery, the lack of transparency in algorithmic ranking and
the ambiguity of weight-based toggles can obscure the sys-
tem’s underlying logic. Participants highlighted a ”black
box” friction where the rationale for specific material sug-
gestions remained unclear, confirming that explainability
is as critical as retrieval accuracy for professional adop-
tion. To address these challenges, the research establishes
that implementing similarity thresholds, clearer semantic
labeling, and the progressive disclosure of filters is nec-
essary to mitigate user frustration and build trust in the
recommendation output. Future development will focus
on API-driven scalability and the integration of broader
marketplace datasets to solidify the platform’s role as a
meta-aggregator. By bridging the gap between technical
material retrieval and architectural design rationale, this
work provides a methodological foundation for optimiz-
ing circular material flows within the construction sector.
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