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Abstract
This paper presents an automated workflow for generating
georeferenced IFC 4.3 models from legacy data structured
according to the DWA-M 150 schema. The DWA-M 150
schema is an XML-based data exchange format for con-
dition monitoring of drainage systems, which is used as
a standard by German municipal utilities. The approach
consists of three stages: geometry generation from mas-
ter inventory data, semantic enrichment, and integration of
inspection and condition assessment data. The resulting
semantically enriched models provide a solid foundation
for future digital twin applications in sewer infrastructure
management.

Introduction
Germany’s drainage and sewerage infrastructure faces the
dual challenge of aging assets and necessary expansion
(Berger et al., 2020). Furthermore, climate change ex-
acerbates these pressures, with an increased frequency of
heavy rain events heightening the risk of flooding (Blöschl
et al., 2019). Against this context, the complexity of mod-
ern infrastructure assets, coupled with the high cost of
labour, makes manual inspection and condition data inter-
pretation increasingly impractical (Tse, 2016). Adopting a
more data-driven and automated approach may offer a so-
lution to this problem. However, the data landscape is char-
acterised by fragmentation, often referred to as ‘‘data si-
los’’, which poses a significant obstacle to the adoption of
advanced predictive maintenance strategies (Kretschmer
et al., 2023). To address this, researchers propose stan-
dardized data models that enable both human comprehen-
sion and computational reasoning, facilitating seamless in-
tegration of heterogeneous data streams into a coherent
system view (Du et al., 2023).
This paper presents an automated approach for generat-
ing georeferenced IFC 4.3 models from data based on the
DWA-M 150 schema, including the visualization of in-
spection and condition assessment results. By transform-
ing existing municipal sewer data into semantically en-
riched 3D models, this approach provides the necessary
foundation for future digital twin applications.

Background
This section establishes the theoretical framework for the
study. It contextualizes the current state of digital sewer
data management, contrasting existing practices with the

requirements of digital twins and the IFC 4.3 schema. It
distinguishes between model generation methods and ex-
plains the principles of semantic enrichment to translate
structured legacy data into 3D data models.

Digital transformation in sewer infrastructure man-
agement
The growing demand for integrated data management
drives the construction sector towards the adoption of the
digital twin (DT), defined as a dynamic digital represen-
tation of a physical asset (buildingSMART International,
2020). This definition can be refined by distinguishing
between a Digital Shadow (DS)—where data flows au-
tomatically from the physical to the digital object—and
a full Digital Twin, which includes a bidirectional flow
allowing for autonomous control (Ghorbani Bam et al.,
2025). To operationalize these concepts, current research
proposes a layered reference architecture consisting of Pre-
sentation, Platform, Transmission, and Data Acquisition
layers (Smarsly et al., 2025). In line with this framework,
our study falls within the platform layer, as it focuses on
the elements that make up the digital replica, in particu-
lar the modeling and data storage elements required for a
foundational digital representation.
Currently, sewage networks are typically structured topo-
logically and described using a node-edge model. In this
model, nodes represent structural elements such as man-
holes, inspection chambers and sewage treatment plants,
while edges represent connected pipe sections (DWA,
2021). In Germany, the management and standardiza-
tion of this data are governed by the DWA-M 150 guide-
line (Datenaustausch für die Zustandserfassung von En-
twässerungssystemen) (DWA, 2010). In terms of spatial
context, Geographic Information Systems (GIS) have be-
come the standard at a macro level. However, they lack the
geometric granularity required for component-level main-
tenance, a task for which Building Information Modeling
(BIM) has been proven to be useful (Wang et al., 2019;
Valles Gomez et al., 2025).

The role of Building Information Modeling and open
standards
The release of IFC 4.3 as an ISO standard in 2024
(ISO 16739-1:2024) marked a milestone by extending the
schema to include comprehensive support for infrastruc-
ture assets. While core entities like IfcPipeSegment,



IfcWasteTerminal and IfcDistributionSystem ex-
isted in earlier versions for vertical construction, IFC 4.3
introduces the specialized predefined types and linear ref-
erencing capabilities necessary to model civil works such
as highway drainage or municipal utilities. This standardi-
sation paves the way for a semantically structured 3D data
model. Its open data structures allow for high interoper-
ability, enabling the future integration of sensor data for
managing municipal assets throughout their lifecycle (Ed-
mondson et al., 2018).
To bridge the gap between existing infrastructure records
and new digital standards, two methodological approaches
can be differentiated:

1. Scan-to-BIM (Reality Capture): Processes involve
capturing spatial data via Terrestrial Laser Scan-
ning (TLS), photogrammetry, or SLAM-based mo-
bile mapping to generate high-density point clouds,
followed by a reconstruction process. Recent re-
search has focused on automating the subsequent re-
construction process via Deep Learning architectures
for semantic segmentation (Jäkel et al., 2025; Kell-
ner et al., 2025). While effective for visible, above-
ground structures such as bridges or facades, the
lack of line-of-sight and the logistical constraints of
physical access render reality capture and large-scale
modeling for extensive underground utility networks
highly challenging.

2. Legacy-to-BIM (Information Reconstruction):
Often characterized as semantic enrichment in recent
literature (Belsky et al., 2016; Jiang et al., 2023),
reconstructs or augments models from existing
datasets. The approach proposed in this paper uses
the implicit semantics within legacy records (such
as structured XML files like DWA-M 150) to algo-
rithmically generate semantics and geometry. The
research challenge lies in translating data attributes
into the 3D shapes, properties, and topological
relationships required by BIM standards.

While legacy data for sewer systems is often highly
available and structured in domain-specific formats (e.g.,
DWA-M 150), there is currently no direct, standardized
mapping to transform this data into the explicit geometry
and semantic structure required by the IFC 4.3 standard.

Approaches to geometric and semantic enrichment
The concept of semantic enrichment (SE) has emerged as
a response to the interoperability gaps inherent in digi-
tal construction workflow (Sacks et al., 2017). Address-
ing this challenge, Belsky et al. introduced ‘‘SeeBIM’’
(Semantic Enrichment Engine for BIM), a prototypical
framework designed to interpret the implicit information
contained in building models. Their rule-based infer-
ence engine utilizes domain expert knowledge—such as
the connection constraints between precast concrete ele-
ments—encoded into ‘‘IF-THEN’’ logic to deduce new

semantic objects and relationships from raw geometry.
While highly effective, this approach fundamentally relies
on inferring semantics from geometric and topological ev-
idence within standard IFC files (Belsky et al., 2016). The
workflow follows a logical path of Geometry → Topol-
ogy → Semantics, deriving meaning from scanned shapes
(Sacks et al., 2017). In the context of this study, how-
ever, the challenge is inverted. The source data (DWA-M
150) is semantically rich, but does not include a 3D-model.
Consequently, the approach required for legacy sewer data
must follow the path of Semantics → Topology → Ge-
ometry, utilising the structured attributes in the XML to
generate the geometric representation.
This methodological inversion prompts a re-evaluation of
the term ‘‘semantic enrichment’’. Bloch refines the prior
definition by distinguishing between enrichment and en-
hancement. In her framework, semantic enrichment de-
scribes a process using inference engines to derive new
information from the model itself (creating new knowl-
edge), whereas semantic enhancement refers to the inte-
gration of external data sources into the model (linking ex-
isting knowledge) (Bloch, 2022). The workflow proposed
in this paper occupies a hybrid position between these two
concepts: it enhances the model by mapping external at-
tributes to IFC property sets, yet it enriches the model by
algorithmically generating 3D geometry and topological
connections that did not previously exist in the 2D source
data. Thus, while acknowledging the taxonomic distinc-
tion between enrichment and enhancement proposed by
Bloch (2022), this paper adopts semantic enrichment as a
comprehensive umbrella term to describe the hybrid pro-
cess of both inferring model geometry and integrating ex-
ternal legacy records.

Research gap
Current research focuses on either digital twin dynam-
ics (e.g., simulation, sensors) or geometric reconstruction
(Scan-to-BIM), but lacks standardised methods for the au-
tomated semantic translation of legacy data sources into
open BIM standards.
Since the DWA-M 150 schema provides rich, structured
semantic data, converting these records to IFC 4.3 through
a ‘‘Legacy-to-BIM’’ approach offers a pragmatic solution.
This methodology is particularly relevant given the prolif-
eration of Machine Learning techniques in both semantic
segmentation and enrichment (Schönfelder et al., 2023).
However, by their very nature, these approaches entail
probabilistic uncertainties (Kellner et al., 2026). In con-
trast, the use of a well-structured database source enables
deterministic, rule-based algorithms to create georefer-
enced semantic models with high accuracy, thereby cir-
cumventing the uncertainty associated with machine learn-
ing.

Methodology
This section presents the technical methodology for the
automated generation of the IFC model and semantic en-



richment from DWA-M 150 data. The proposed approach
maintains a separation of geometry and semantics, en-
abling both processes to run independently of each other.
This allows for flexibility in scenarios where geometry
originates from alternative sources, such as point clouds
resulting from 3D scans, and facilitates regularly updat-
ing condition data resulting from new inspections. Fig-
ure 1 shows a schematic representation of the conversion
pipeline.

Figure 1: Overview of the conversion pipeline

Data basis and requirements
The process relies on input data structured according to the
DWA-M 150 schema, which has been widely adopted by
German municipalities and is integrated into most Sewer
Information Systems. Although the algorithm presented in
this paper was designed specifically for this standard, the
underlying approach is transferable and adaptable to other
structured data formats.
Within DWA-M 150, each infrastructure element is de-
scribed by a set of standardized identifiers that are defined
as mandatory or optional within the schema. Pipe sections
(‘‘Haltungen’’ in German) use the identifier prefix <HG>,
while nodes (‘‘Knoten’’ in German) use <KG>. The stan-
dard defines four element categories:

• Basic Data (HG/KG): Designation, material, dimen-
sions, construction year

• Geometry Data (GO/GP): Coordinates and spatial
information

• Inspection Data (HI/KI): Camera survey metadata
and observations

• Condition Data (HZ/KZ): Damage classifications
and assessments

The source file functions as a hierarchical data tree where
the root element <Data> contains collections of pipes
<HG> and nodes <KG>. Geometry is explicitly defined
in <GO> (Geometry Objects) subsections, providing East-
ing, Northing, and Elevation values for each feature point
<GP>.

Automated geometry generation workflow
The workflow is implemented as an automated converter
in Python using IfcOpenShell for IFC 4.3.2.0 generation

and NumPy for vector-based geometry calculations. Its ge-
ometry module handles coordinate transformations, pro-
file creation, and extrusion operations. The converter also
includes a parser module for the DWA-M 150 XML serial-
isation, which handles all element types (HG, KG, HI, HZ,
and HM) and a mappings module for code translations and
reference table handling.

Profile definition
The cross-sectional profile of each pipe is determined from
the profile type code (HG305) and dimensional attributes
(HG306, HG307). The converter supports three profile
types:

• Circular profiles (code DN): Most common, repre-
sented as IfcCircleHollowProfileDef

• Egg-shaped profiles (code EI): Typical for com-
bined sewers, created as custom parametric profiles
using IfcArbitraryProfileDefWithVoids with
standard DIN ratios.

• Rectangular profiles (code RE): Used
for larger collectors, represented as
IfcRectangleHollowProfileDef

Since the wall thickness is not specified in DWA-M
150, a diameter-dependent lookup table based on com-
mon precast concrete specifications is used (e.g., 60 mm
for DN 150, 75 mm for DN 300–500, up to 220 mm for
DN 2200), with linear interpolation for intermediate sizes.

Elevation handling
Missing Z-values are common in legacy datasets. The con-
verter employs linear interpolation when multiple eleva-
tion points are known, assumes a flat profile when only one
is available, and applies a configurable default value when
no elevations exist. To ensure transparency, the converter
uses a custom property set, DWAM150_DataQuality, to
document the assumptions made.

Geometry extrusion
Pipes are modeled as IfcPipeSegment entities by extrud-
ing the assigned profile along the direction vector between
consecutive geometry points. When a pipe section con-
tains more than two geometry points, the converter cre-
ates multiple connected linear segments to approximate
the polyline path. Manholes and inspection chambers
are created as IfcDistributionChamberElement ele-
ments, with parametric geometry —consisting of a main
shaft, an eccentric tapered cone, adjustment rings, and a
cover plate— with a forced minimum height of 0.8 meters
to prevent geometric degeneration when cover and invert
elevations are identical.

Visual quality indicators
To ensure transparency regarding data completeness,
color-coding distinguishes elements with complete data
from those requiring assumptions:

• Blue: Pipes with complete data



• Red: Pipes with missing or interpolated values
• Yellow: Nodes with complete data
• Orange: Nodes with incomplete data

Semantic enrichment framework
The DWA-M 150 schema is optimised for data transport
between systems, encoding attributes as 5-character field
codes (e.g., HG304 for pipe material) with values refer-
encing internal code tables. For a functional digital twin,
this technical encoding must be transformed into human-
readable, queryable IFC property sets. The semantics
module handles this transformation through code map-
ping, property set assignment, and spatial matching for
data fusion.

Data mapping strategy
The DWA-M 150 standard encodes attributes using a two-
level reference system. At the global level, field codes
identify attribute types (e.g., KG305 for the manhole mate-
rial). At the local level, attribute values are numeric codes
referencing lookup tables within the XML file. A mapping
dictionary translates 5-character field codes into human-
readable German property names. For example:

• HG001→ ‘‘Bezeichnung’’ (Designation)
• HG304→ ‘‘Material’’
• HG305→ ‘‘Profilart’’ (Profile Type)
• HZ001→ ‘‘Station’’ (Position along pipe)
• HZ014 → ‘‘Schadensklasse’’ (Damage Classifica-

tion)

Semantic values are resolved using a two-stage lookup:
the parser first dynamically builds a dictionary from the
XML’s internal Reference Tables (<RT> elements), then
falls back to built-in mappings for codes not defined in the
source file. For instance, in the material field HG304, a
value of ‘‘10’’ is resolved to ‘‘Beton’’ (Concrete), ‘‘50’’ to
‘‘Steinzeug’’ (Vitrified Clay), and ‘‘70’’ to ‘‘Kunststoff’’
(Plastic).

Spatial matching algorithm
The converter supports two strategies for assigning seman-
tic data to geometry: name-based matching and spatial
matching. By default, the converter uses the pipe desig-
nation (HG001) to find the corresponding IFC element by
name. This works well when the same data source pro-
vides both geometry and attribute data. Spatial matching
becomes necessary in several scenarios. First, when in-
spection data comes from a different source than the mas-
ter data, such as when importing camera survey results
from a third-party contractor. Second, when pipe names
have changed between data exports or contain inconsisten-
cies. Third, when working with geometry obtained from
3D laser scans, point clouds, or photogrammetry that does
not include attribute information. The spatial matching al-
gorithm builds an index tree of all geometric elements in
the existing IFC model and calculates the geometric cen-
troid, typically the midpoint between start and end points

for pipe sections. First, the algorithm queries the spatial
tree at the exact centroid location. If exactly one element
intersects that point, a match is found. If no elements are
found, the search radius expands exponentially—doubling
from an initial radius of 10 cm (0.1, 0.2, 0.4 m, etc.) up
to a configurable maximum (default: 5 m) to ensure that
coordinate differences due to rounding or survey accuracy
do not prevent valid matches. When multiple elements fall
within the search radius, the match is considered ambigu-
ous, and no automatic association is made. The converter
reports these ambiguous cases so that operators can re-
solve them manually. The centroid-based approach was
chosen for its simplicity. Alternative strategies such as
bounding-box overlap, direction-vector similarity, or topo-
logical connectivity matching were not implemented in the
current version, as the centroid approach proved sufficient
for straight pipe segments in the test dataset. The limi-
tations of this algorithm for curved segments and dense
junction areas are discussed further in Section 4.5.

Property set assignment
Once a match is found, the attributes are assigned to
the IFC object using custom property sets prefixed with
DWA_. Custom property sets are needed because the IFC
4.3 standard does not define property sets that fully ac-
commodate the DWA-M 150 domain model—for exam-
ple, Pset_Condition provides only a single overall as-
sessment field, whereas DWA requires a triple classifica-
tion (tightness, structural stability, and operational reliabil-
ity) with per-defect station coding. To ensure both usabil-
ity and data lineage, two distinct property sets are created
for each data category: one includes decoded values for
end users, while the *_raw version preserves the original
DWA codes for traceability and automated validation. For
the static master data (‘‘Stammdaten’’ in German), which
includes basic and geometry data elements, the following
property sets are created:

• DWA_Stammdaten: Contains the decoded attribute
values (e.g., Material: ‘‘Concrete’’). This is intended
for end-users in BIM viewers.

• DWA_Stammdaten_raw: Preserves the original DWA
code values (e.g., Material: ‘‘10’’).

For inspection and condition data, additional property sets
are created following the same approach:

• DWA_Inspektionsdaten / ..._raw: Inspection
metadata.

• DWA_Zustandsdaten / ..._raw: Condition obser-
vation data.

• DWA_DamageReference: Links damage markers to
parent pipes with station, classification, and a human-
readable damage description.

Inspection data integration
Beyond static master data, the converter supports inspec-
tion records <HI> and condition observations <HZ>. In



DWA-M 150, damage observations are recorded as linear
stations — distances in meters from the inspection start
point (typically the upstream manhole). The HZ001 field
stores this 1D station value, which is converted to a 3D
world coordinate by interpolating along the pipe’s direc-
tion vector. Individual damage observations are visualized
as 3D ring-shaped color-coded markers, as shown in Fig-
ure 2, according to the German condition classification:

• Class 0 (Green): No damage / informational
• Class 1 (Red): Immediate action required
• Class 2 (Orange): Short-term action needed
• Class 3 (Yellow): Medium-term action
• Class 4 (Grey): Long-term monitoring

This enables operators to immediately identify critical sec-
tions requiring maintenance intervention.

Figure 2: Damage Marker shown in BIMvision

Results and discussion
The workflow was validated using a combination of real-
world and synthetic datasets. Real municipal master data
from the German municipality of Alsdorf was used to test
geometry generation and semantic enrichment with static
master data. Although name-based matching is the pri-
mary method for data integration from the same source,
the spatial matching algorithm was also tested using this
dataset. Synthetic inspection data was generated to test
the inspection data integration, covering the full range of
damage classifications and several station positions across
the pipes. The following sections evaluate geometric ac-
curacy, semantic data verification, inspection data integra-
tion, and system performance, followed by a discussion of
current limitations.

Geometric model accuracy
Georeferencing accuracy was validated by overlaying
the generated IFC model on a Digital Terrain Model
(DTM) created in Autodesk Civil 3D. The DTM was
constructed using GeoTIFF elevation data obtained from
the state geodata portal of North Rhine-Westphalia (Geo-
portal NRW), and orthophotos as visual overlay, refer-
enced to the ETRS89 / UTM zone 32N coordinate sys-
tem (EPSG:25832). The unmodified IFC file was then su-
perimposed on the DTM using both Desite and Autodesk
Infraworks, as illustrated in Figure 3. Coordinates from

several pipe elements along the outer boundary of the net-
work were extracted from the IFC file and from the com-
bined model and verified against the original DWA-M 150
source data. This comparison confirmed that UTM coor-
dinates were correctly preserved in the generated model.

Figure 3: Coordination Model in Autodesk InfraWorks

Semantic data verification
The semantic enrichment was validated using real-world
municipal datasets from the German municipality of Als-
dorf, containing 701 pipe sections and 702 nodes. Both
matching strategies were tested independently. Since both
geometry and master data originated from the same DWA-
M 150 source and were consistent, name-based matching
achieved a 100% success rate, linking all 701 pipes and
702 nodes to their corresponding semantic attributes. Spa-
tial matching achieved a success rate of 97.6% for pipes
(684 of 701 matched), with 17 pipes (2.4%) remaining
unmatched. 14 of these 17 pipes were curved segments
with more than two geometry points, where the centroid-
based matching fails due to geometric segmentation. The
remaining three pipes were unmatched due to overlap-
ping geometries at complex junction points, where multi-
ple pipes shared near-identical centroids. For nodes, spa-
tial matching achieved 99.6% accuracy (699 of 702). The
resulting IFC models were inspected in BIMvision, where
the dual property set structure enabled visual verification
of key properties (such as material types), while retaining
the raw data for quality checks.

Inspection data integration
To validate the inspection data integration, synthetic in-
spection data was generated following the official DWA-
M 150 example file structure. The synthetic dataset was
created by selecting 50 pipes from the Alsdorf master data
and generating inspection records with DWA-M 150 ele-
ment hierarchy: pipe sections (<HG>) with geometry ob-
jects (<GO>/<GP>), inspection headers (<HI>), and condi-
tion observations (<HZ>). The dataset contains 251 condi-
tion observations distributed across all five damage classi-
fications. The converter successfully parsed all inspection
records and generated correctly positioned damage mark-
ers with appropriate severity color-coding. Linear sta-
tion values across the pipes (HZ001) were correctly trans-



formed to world coordinates via linear interpolation. The
precision is limited only by the input coordinate resolu-
tion (typically millimetres in UTM) and the station value
precision from the source data. However, the matching al-
gorithms could not be tested using the synthetic data, as
it was derived directly from the master data with identical
pipe names and coordinates, resulting in a 100% matching
rate.
An alternative validation method could include introduc-
ing controlled perturbations, like coordinate offsets (e.g.,
0.5–2.0 m), renaming pipe identifiers to simulate naming
inconsistencies between data sources, or merging inspec-
tion records from a genuinely independent data export. As
no more heterogeneous datasets were available at the time
of testing, this remains a limitation, and future work in-
cludes testing with real inspection data from third-party
contractors, or alternatively, introducing synthetic pertur-
bations to simulate real-world data inconsistencies.

System performance and quality assessment

The developed workflow successfully achieved its primary
objective of automated generation and semantic enrich-
ment of 3D sewer models from DWA-M 150 master data.
The resulting model features a complete geometric repre-
sentation of pipes and nodes, correct georeferencing, and
comprehensive semantic information based on the DWA-
M 150 standard embedded in property sets. This demon-
strates the feasibility of automated, standard-based data
transfer from DWA-M 150 to IFC using open-source tools
such as IfcOpenShell. In terms of quality, the converter
captured all objects from the source data, provided that the
input data adhered to the standard. Semantic consistency
was verified by checking that the attributes matched the
DWA identifiers, with the raw values preserved in a sep-
arate property set to mitigate data loss from missing ref-
erence table entries in the source. The output adheres to
IFC 4.3.2.0 and was validated using the buildingSMART
Validation Service. The models were additionally loaded
in BIMvision and Blender (Bonsai) to confirm practical
interoperability. Performance was satisfactory, with ge-
ometry generation completing in approximately 15 sec-
onds and semantic enrichment in approximately 18 sec-
onds (name-based) or 14 seconds (spatial) on a worksta-
tion equipped with an AMD Ryzen 9 8945HS processor
and 32 GB RAM.

Limitations and challenges

Regarding the geometric model accuracy, the system faces
challenges primarily related to source data quality, such as
missing height values, which necessitated defaults. The
manholes are represented as simplified parametric geome-
tries, consisting of cylindrical elements, a tapered cone,
and a cover plate. This representation does not account
for asymmetric bases, varying wall thicknesses, or non-
circular shaft cross-sections. A realistic representation of
the nodes would be more demanding. In DWA-M 150,
curved pipes are represented by three or more geometry

points. During IFC generation, these are approximated as
multiple straight segments. While this linear representa-
tion facilitates the centroid-based matching algorithm, arc-
based swept solids could represent curved pipe alignments
more smoothly in future iterations. For the semantic en-
richment, the centroid-based spatial matching algorithm
shows limitations when handling curved pipe sections.
The spatial matching algorithm calculates the centroid
from all original geometry points, but this centroid may
not fall within any single IFC segment’s bounding box. It
should be noted that the DWA-M 150 schema only pro-
vides discrete coordinate points, making linear approxima-
tion the only deterministic geometric representation; fit-
ting arc or spline curves would require additional assump-
tions about curvature that are not supported by the source
data. Matching precision could be improved by calculat-
ing separate centroids for each segment of curved pipes
or by adopting alternative geometric matching strategies.
As more diverse datasets become available in the future—
including geometry from laser scans, where curved repre-
sentations may exist—alternative matching strategies for
this specific case could also be evaluated.
Regarding validation, the reliance on synthetic data means
that the matching algorithms remain untested for inspec-
tion and condition data. The current implementation can
therefore only be interpreted as a proof-of-concept for
the pipeline architecture, with the matching algorithm re-
quiring further validation as real-world datasets become
available. Additionally, specific sewer properties like
‘‘Flood Area’’ lack native IFC entities, requiring map-
ping to IFC spatial entities (eg. IfcSpatialZone or
IfcGeographicElement), potentially reducing interop-
erability with downstream analysis tools.

Comparison with existing approaches

Compared to proprietary Sewer Information Systems and
transformation workflows, this open-source approach of-
fers significant advantages in transparency and flexibility.
The separation of geometry generation from semantic en-
richment allows for the enrichment of any valid IFC geom-
etry, such as that derived from 3D scans, provided the coor-
dinates match. This makes the workflow particularly suit-
able for research and development contexts, where adapt-
ability is required. Regarding transferability to other in-
frastructure domains, the workflow components differ in
their degree of generalizability. The geometry generation
engine (profile extrusion, coordinate transformation, ele-
vation handling) and the spatial matching algorithm can
be reused directly for any node-edge network topology.
In contrast, the DWA-M 150 parser, the field code map-
ping dictionaries, and the reference table resolution logic
are domain-specific and would require replacement when
adapting the workflow to other standards (such as DVGW
for gas and water networks). The IFC entity mapping
(e.g., which DWA element types correspond to which IFC
classes) is also domain-specific but follows a pattern that
can be systematically replicated for other schemas.



Conclusion and outlook

This section consolidates the workflow’s main contribu-
tions and outlines future development directions.

Key achievements

The study successfully developed a two-stage automated
workflow that translates DWA-M 150 sewer infrastructure
data into a fully structured, georeferenced, and semanti-
cally enriched IFC 4.3 model. This work validates the
feasibility of bridging traditional Sewer Information Sys-
tems (KIS) and Building Information Modeling (BIM) us-
ing open standards (IFC, DWA-M 150).

Key technical achievements include decoupling geomet-
ric extrusion from semantic enrichment to enable data in-
tegration from heterogeneous sources. To facilitate this
process, the study developed and evaluated name- and
centroid-based spatial matching algorithms, achieving in-
tegration accuracies of over 97% for the spatial match-
ing of pipe segments on real-world municipal datasets.
Furthermore, the workflow effectively dismantles exist-
ing data silos by translating specific DWA-M 150 at-
tributes into standardised, human-readable IFC property
sets, while retaining the original codes for algorithmic val-
idation. Finally, this approach has been extended to op-
erational condition monitoring by translating 1D linear
inspection stations into visual, colour-coded 3D damage
markers. Having been validated against official buildingS-
MART configuration rules and coordinated with munic-
ipal digital terrain models, this Legacy-to-BIM method-
ology establishes a tangible, standard-compliant founda-
tion for future predictive digital twin applications in un-
derground infrastructure.

Future improvements

Technical improvements could address geometric and
topological limitations. Currently, pipes are linearly
simplified; integrating OpenCASCADE/STEP via
IfcOpenShell would allow for complex profiles and
curved segments. Connection geometry between pipes
and nodes could also be automated for cleaner transitions.
The spatial matching algorithm could be extended with
directional similarity scoring and topological connec-
tivity analysis to resolve ambiguous cases. To support
hydraulic simulations, semantic flow definitions could be
implemented using the IFC concept of ‘‘Port Nesting’’.
Furthermore, hardcoded defaults for missing data could
be replaced with dynamic calculations based on slope
or rule-based plausibility checks. For inspection data,
integration with the BIM Collaboration Format (BCF)
would enable linking damage observations to external
documentation such as inspection photographs and video
frames. However, BCF currently lacks native fields
for precise damage coordinates, requiring either format
extensions or hybrid approaches.

Standards and digital twin potential
While the current approach aligns with DWA-M 150, the
upcoming DWA-M 145-3 standard (incorporating GML
for coordinates) will require adaptations in XML parsing
logic, though the general methodology remains valid. The
enriched IFC model serves as a foundation for a digital
twin, enabling flood prevention simulations and integra-
tion with sensors for predictive maintenance. While de-
veloped for wastewater infrastructure, the methodology is
transferable to other utility networks characterized by sim-
ilar data structures: water distribution, gas networks, and
district heating systems all employ node-edge topologies
with standardized attribute schemas.
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