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Abstract

The article presents an analysis of the 
application of Building Information 
Modelling (BIM) and accompanying 
standards in the protection and upgrades 
of historic buildings on the example of the 
adaptation and modernisation design of 
the Lilpop, Rau and Loewenstein factory 
in Warsaw. It outlines the way in which 
conservation-specific studies have been 
successfully incorporated into a project 
prepared in accordance with the requirements 
of the BIM methodology, and discusses issues 
of unmet objectives and organisational and 
technical problems encountered. Key findings 
highlight the limitations of the current 
BIM methodology and the implementation 
of the Industry Foundation Classes (IFC) 
standard in the Autodesk Revit environment 
in terms of accurately representing the 
state of preservation of historic buildings, 
as well as the inability to fully integrate the 
prepared research materials into the BIM 
model. Therefore, there is a need to develop 
an advanced information model tailored 

to the needs of architectural heritage projects 
and areas for improvement are indicated in 
the current IFC-based data organisation. 
The development of such a model is key to 
supporting the preservation and regeneration 
of historic buildings. It facilitates access to 
historical, artistic and scientific data, leading 
to more effective heritage assessments and 
recommendations. The proposed approach 
aims to optimise decision-making and 
collaboration between architects, heritage 
conservationists and BIM experts in 
the  management and protection of historic 
structures. In addition, the text discusses the 
particular challenges encountered during the 
project implementation, such as maintaining 
naming conventions, typologies and element 
breakdowns, and integrating the research 
materials into the BIM model.
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1. Introduction 
	 The use of Building Information 
Modelling (BIM) has become a widely accepted 
and standard practice in the construction industry 
for the design of complex building projects. 
However, there are a number of significant 
challenges in applying BIM to existing buildings, 
particularly those of historic and cultural 
significance. Unlike new developments, upgrades 
of existing buildings require a comprehensive 
understanding of the current condition of a 
building, its historical transformation and the 
technical condition of the structure and systems. 
Historic buildings that are under protection 
require additional measures to preserve their 
unique architectural and cultural values.
	 Implementing BIM in the regeneration 
and refurbishment of historic buildings requires 
the collection and accurate documentation 
of the building’s existing condition, including 
measurements, inventories and the recording 
of point clouds or photogrammetric scans. In 
addition, the process requires the creation of 
a model of the building’s existing condition, 
which takes into account information about 
its internal structure, such as its fire protection 
status, biological, chemical and mycological 
test results. This data is key to making informed 
design decisions about the removal, relocation or 
reconstruction of building elements.

2. State of the research
	 In recent years, there has been a growing 
interest in the application of Historical Building 
Information Model (hBIM) methodology in 
the context of architectural heritage preservation 
and documentation in the scientific literature. 
The hBIM methodology and related design 
technologies include parametric modelling, 
point cloud integration, photogrammetry 
and non-intrusive techniques to support the 
documentation, conservation and management 
of historic buildings. This research focuses on 
the development of accurate building models, 

the analysis of spatial relationships, and the 
creation of databases that can be used to manage 
preservation information. Various technical 
solutions presented in the scientific literature seek 
a balance between modelling accuracy, working 
efficiency and the practical applicability of BIM 
tools to complex, non-standard forms and layouts 
of historic buildings. A number of methods 
based to varying degrees on the automation and 
parameterisation of design processes have been 
proposed. However, adapting BIM processes 
to historic buildings remains a challenge due 
to their unique characteristics and the lack of 
necessary flexibility in tools. For example, the 
existing software cannot automatically convert 
point clouds into BIM components, which 
requires a trade-off between modelling accuracy 
and workload. Efficient and accurate modelling 
of architectural heritage remains a key area of 
research in hBIM. 
	 In recent years, Conor Dore et al. 
proposed a new virtual modelling process for 
the Four Courts building project in Dublin1 
(Ireland), using historical documents, physical 
and structural analysis, and point clouds. The 
methodology aims to improve the efficiency 
and accuracy of modelling irregular elements. 
Similarly, Juan Enrique Nieto et al. introduced an 
innovative method of cataloguing, analysing and 
identifying information, using grids distributed 
over the analysed surfaces to develop an 
efficient, accurate and parametric representation 
of architectural heritage.2 Daniela Oreni et 
al. proposed the integration of Rhinoceros 
software for the modelling of architectural 
components and the creation of an hBIM library 
for conservation work projects at the Basilica 

1	  C. Dore, et al., Structural simulations and conservation 
analysis-Historic building information model (HBIM), 
“International Archives of the Photogrammetry, Remote 
Sensing and Spatial Information Sciences”, 2015, no. 40, pp. 351-
357. 
2	  J.E. Nieto, et al., Management of built heritage via HBIM 
Project: A case of study of flooring and tiling, “Virtual 
Archaeology Review”, 2016, no. 7, pp. 1-12. 
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di Collemaggio – from the recording of survey 
data,3 through the classification of architectural 
elements4 to the processing of point clouds into 
NURBS grids.5 Meanwhile, Ramona Quattrini et 
al. presented a model-building methodology that 
minimises the number of steps and speeds up the 
modelling of parametric elements by integrating 
point clouds with the Autodesk Revit software.6 
This research highlights the importance of 
balancing the speed and efficiency of modelling 
with the quality and accuracy of the resulting data 
and detail. The potential benefits of BIM in the 
maintenance of historic buildings have also been 
explored, with laser scanning, photogrammetry 
and stereogrammetry suggested as optimal 
techniques for creating accurate models.7

	 Another approach, described by 
Maurice Murphy et al., proposes the creation of 
hBIM databases for architectural monuments 
by integrating point clouds, photogrammetric 
data, historical documentation and Graphisoft 
Archicad software.8 The method involves 

3	  D. Oreni, et al., Survey turned into HBIM: the restoration 
and the work involved concerning the Basilica di Collemaggio 
after the earthquake (L’Aquila), “ISPRS Annals of the 
Photogrammetry, Remote Sensing and Spatial Information 
Sciences”, 2014, vol. II-5, pp. 267-273.
4	  D. Oreni, et al., HBIM for conservation and management of 
built heritage: Towards a library of vaults and wooden beam 
floors, “ISPRS Annals of the Photogrammetry, Remote Sensing 
and Spatial Information Sciences”, 2013, no. 5, pp. 215-221.
5	  D. Oreni, et al., Beyond Crude 3D Models: From Point 
Clouds to Historical Building Information Modeling via 
NURBS, EuroMed: Limassol, Cyprus, 2014, pp. 166-175. 
6	  R. Quattrini, et al., From TLS to HBIM. High quality 
semantically-aware 3D modelling of complex architecture, 
“International Archives of the Photogrammetry, Remote 
Sensing and Spatial Information Sciences”, 2015, no. 40, p. 367. 
7	  Y. Arayici, Towards building information modelling for 
existing structures, “Structural Survey”, 2008, vol. 26, pp. 210-
222. 
8	  M. Murphy, et al., Historic building information modelling 
(HBIM), “Structural Survey”, 2009, no. 27, pp. 311-327; M. 
Murphy, E. McGovern, S. Pavia, Historic building information 
modelling-adding intelligence to laser and image-based 
surveys, “ISPRS International Archives of the Photogrammetry, 
Remote Sensing and Spatial Information Sciences”, 2011, no. 
3816, pp. 1-7, and in: M. Murphy, E. McGovern, S. Pavia, Historic 
building information modelling – Adding intelligence to laser 
and image-based surveys of European classical architecture, 
“ISPRS Journal of Photogrammetry and Remote Sensing”, 2013, 

generating cross-sections on a point cloud to 
identify object profiles and then transforming the 
surfaces into solid elements using NURBS, meshes 
and boolean operations. Despite its advantages, 
this approach raises questions about the accuracy 
and efficiency of modelling and management 
of parametric objects, and in some cases leads 
to overly large9 or difficult to use models.10 
Subsequent research continuing in this direction 
presents various methods of point cloud analysis 
to separate components on the basis of typology, 
hierarchy and material in conservation projects 
for religious buildings,11 vernacular ones,12 and on 
a broader urban scale.13 These efforts are aimed at 
overcoming the difficulties of modelling buildings 
with incomplete documentation14 and addressing 
the relational complexity of information in 
BIM.15 This, in turn, leads to the development of 
research into the application of ontologies and 
shared databases (e.g. CIDOC-CRM) for the 
management of cultural heritage information. 
An interesting example of this approach is the 
NUBES project, which enables the creation of 
information systems based on three-dimensional 

no. 76, pp. 89-102. 
9	  L. De Luca, et al., A generic formalism for the semantic 
modelling and representation of architectural elements, “Visual 
Computer”, 2007, vol. 23, pp. 181-205. 
10	  M. Del Giudice, A. Osello, BIM for cultural heritage, 
“International Archives of the Photogrammetry, Remote 
Sensing and Spatial Information Sciences”, 2013, no. 40, pp. 
225-229.
11	  R. Brumana, et al., From survey to HBIM for documentation, 
dissemination and management of built heritage: The case study 
of St. Maria in Scaria d’Intelvi, “Digital Heritage International 
Congress”, 2013, no. 1, pp. 497-504. 
12	  S. Fai, M. Sydor, Building Information Modelling and the 
documentation of architectural heritage: Between the ‘typical’ 
and the ‘specific’, “Digital Heritage International Congress”, 
2013, no. 1, pp. 731-734. 
13	  S. D’Auria, et al., Parametric planning for the restoration 
and rehabilitation of architectural heritage, “City Safety 
Energy”, 2014, no. 2, pp. 107-118. 
14	  A. Akcamete, et al., Motivation for Computational Support 
for Updating Building Information Models (BIMs), in: 
Computing in Civil Engineering, ed. C.H. Caldas, W.J. O’Brien, 
Austin 2009, pp. 523-532. 
15	  L. De Luca, et al., A generic formalism for the semantic 
modelling and representation of architectural elements, “Visual 
Computer”, 2007, vol. 23, pp. 181-205. 
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representations of buildings, taking into account 
mass, materials, state of preservation and 
transformations over time.16

	 It should be emphasised that a 
comprehensive assessment of the condition of 
buildings requires appropriate modelling of 
architectural elements, which raises different 
issues depending on the data acquisition 
techniques used – from laser scanning17 to 
photogrammetry.18 Recent developments in BIM 
modelling have expanded the definitions of Levels 
of Detail (LoD), which improves the applicability 
of BIM to projects involving existing buildings.19 
Several well-established specifications, such 
as the BIM Forum Level of Development 
(LOD),20 UK PAS 1192-2:201321 and NBS,22 have 
supplemented the guidance with scope for the 
degree of detail of geometric and non-geometric 
information for existing facilities. Including 
historical details. However, these standards are 
not directly applicable in the context of cultural 
heritage, which requires the development of 
specific standards.23 The development of hBIM 

16	  L. De Luca, et al., op. cit. 
17	  E. Valero, et al., Detection, modelling, and classification of 
moldings for automated reverse engineering of buildings from 
3D data, “Proceedings of the 28th International Symposium 
on Automation and Robotics in Construction (ISARC)”, Seoul 
2011.
18	  L. Klein, et al., Image-based verification of as-built 
documentation of operational buildings, “Automation in 
Construction”, 2012, vol. 21, pp. 161-171. 
19	  P. Tang, et al., Automatic reconstruction of as-built building 
information models from laser-scanned point clouds: a review 
of related techniques, “Automation in Construction”, 2010, vol. 
19, pp. 829-843. 
20	  BIMForum, Level of Development (LOD) Specification for 
Building Information Models, version 2019, https://bimforum.
org/lod/ (accessed: 6 April 2023).
21	  British Standards Institution (BSI), PAS 1192-2:2013 
Specification for information management for the capital/
delivery phase of construction projects using building 
information modelling, 2013. 
22	  National Building Specification (NBS), https://www.thenbs.
com/ (accessed: March 2023).
23	  F. Fassi, et al., A new idea of BIM system for visualization, 
web sharing and using huge complex 3D models for facility 
management, “International Archives of the Photogrammetry, 
Remote Sensing and Spatial Information Sciences”, 2015, vol. 
XL-5/W4, pp. 359-366. 

methodologies to support the documentation 
and conservation of historic buildings emphasises 
the role of non-geometric information,24 and 
proposed approaches seek to balance speed, 
efficiency and accuracy of modelling.
	 The adaptation of descriptive data to 
an information layer and the need to capture 
accurate information to support maintenance and 
retrofit processes are significant challenges in the 
application of BIM for architectural heritage. BIM 
standards, such as COBie and OmniClass,25 only 
partially support historic preservation processes. 
When only a pre-existing, generalised BIM model 
is available, processes have to start with the re-
examination of the building and analysing the 
documentation. These particular challenges of 
implementing BIM in existing buildings, as well 
as the potential benefits of detailed information 
layer development, have already been discussed 
in some detail in a number of publications.26 One 
of the most significant problems reported in them 
is the amount of work involved in completing 
the information of non-geometric elements 
by qualified personnel.27 Although BIM is well 
established for new construction, its application 
to existing buildings is limited due to the 
considerable expense of modelling the existing 
state or adapting existing models, updating 
information to BIM standards and the difficulties 
associated with uncertain data.
	 BIM standards, data exchange and 
software functionality play a key role in the 
successful implementation of BIM in the 
context of architectural heritage. The use of 
24	  N. Bruno, R. Roncella, HBIM for Conservation: A New 
Proposal for Information Modelling, “Remote Sensing”, 2019, 
vol. 11, no. 15, art. no. 1751. 
25	  B. East, M. Carrasquillo-Mangual, The COBie Guide: 
a commentary to the NBIMS-US COBie standard, Champaign, 
IL 2013. 
26	  R. Volk, et al., Building Information Modeling (BIM) 
for existing buildings – Literature review and future needs, 
“Automation in Construction”, 2014, vol. 38, pp. 109-127. 
27	  D. Donath, et al., IT-gestützte projekt- und zeitbezogene 
Erfassung und Entscheidungsunterstützung in der frühen Phase 
der Planung im Bestand (Initiierungsphase) auf Grundlage 
eines IFC-basierten CMS. Endbericht, Stuttgart 2010. 
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the Information Delivery Manual (IDM) and 
Model View Definitions28 (MVD) documents 
facilitates data exchange by preventing ambiguity. 
Industry Foundation Classes (IFC) (ISO/PAS 
16739) streamline the exchange of data between 
different BIM systems, minimising the loss of 
information.29 The use of COBie is now the 
international MVD standard for the exchange of 
building process information.30

	 The integration of GIS with BIM has 
been explored as a way to address the problems 
of modelling architectural heritage at the urban 
scale. D. Oreni proposed the integration of metric 
and semantic information obtained from GIS 
systems with Graphisoft Archicad and Autodesk 
Revit platforms to create an hBIM object library.31 
However, the article does not fully present effective 
integration steps, which creates difficulties for 
researchers wishing to implement this method to 
obtain 3D models. Ahmad Baik et al. suggested in 
their subsequent work integrating point clouds, 
historical data and architectural patterns with 
Autodesk Revit, Rhinoceros and GIS Autodesk 
InfraWorks to recreate the architecture of the city 
of Jeddah in detail using Jeddah Historic BIM 
(JHBIM).32 While these methods are promising, 
28	  M. Venugopal, et al., Semantics of model views for 
information exchanges using the industry foundation class 
schema, “Advanced Engineering Informatics”, 2012, vol. 26, pp. 
411-428.
29	  ISO Standard, ISO/PAS 16739:2005 Industry Foundation 
Classes, Release 2×, Platform Specification (IFC2× Platform), 
International Standard, 2005. 
30	  R. See, IFC solution factory: Model view definition site, 
2010, http://www.blis-project.org/IAI-MVD/ (accessed: March 
2023); E.W. East, Construction operations building information 
exchange (COBie). Requirements Definition and Pilot 
Implementation Standard, Champaign, IL 2007. 
31	  D. Oreni, From 3D Content Models to HBIM for Conservation 
and Management of Built Heritage, “Proceedings of the 13th 
International Conference of Science and Computation ICCSA”, 
Ho Chi Minh City, Vietnam, 24-27 June 2013, vol. 7974, Berlin/
Heidelberg 2013, pp. 344-357, https://link.springer.com/
chapter/10.1007/978-3-642-39649-6_25 (accessed March 2020)
32	  A. Baik, et al., Jeddah Historical Building Information 
Modelling JHBIM-Object Library, “ISPRS Annals of the 
Photogrammetry, Remote Sensing and Spatial Information 
Sciences”, 2014, vol. 2, p. 41; A. Baik, et al, Integration of 
Jeddah Historical BIM and 3D GIS for Documentation and 
Restoration of Historical Monument, “International Archives of 

they also have disadvantages, such as the time-
consuming manual modelling process. Francisco 
Soler et al. have developed Agata,33 a GIS-based 
software for managing different types of heritage-
related information. D. González-Aguilera and 
J.G. Lahoz have also developed a flexible and low-
cost system for 3D modelling of archaeological 
sites, using algorithms for automatic generation of 
3D models.34 This method allows the grouping of 
models and the creation of prototypes for reuse. 
J.I. San Jose et al. proposed the development 
of a software platform for the visualisation of 
complex architectural objects on the occasion of 
projects in Segovia in order to support education, 
management and conservation of heritage 
through open-source GIS.35

	 In terms of organisational issues, the 
application of BIM and the concept of Integrated 
Project Delivery (IPD) in new construction 
projects requires changes in the design process, 
addressing complex organisational and legal 
issues. These issues have a much greater impact 
on the implementation of BIM in retrofit and 
revaluation projects.36 Collaboration in the 
construction industry, especially in conservation, 
is still based on descriptive documents,37 

the Photogrammetry, Remote Sensing and Spatial Information 
Sciences”, 2015, vol. 40, p. 29; A. Baik, From point cloud to 
Jeddah heritage BIM Nasif historical house-case study, “Digital 
Applications in Archaeology and Cultural Heritage”, 2017, vol. 
4, pp. 1–18.
33	  F. Soler, et al., A complete 3D information system for cultural 
heritage documentation, “Journal of Cultural Heritage”, 2017, 
vol. 23, pp. 49-57. 
34	  D. González-Aguilera, J.G. Lahoz, Virtual archaeological 
sites modelling through low-cost methodology, “Survey 
Review”, 2010, vol. 42, pp. 300-315. 
35	  J.I. San Jose, et al., An open source software platform for 
visualizing and teaching conservation tasks in architectural 
heritage environments, “Proceedings of the XXIV International 
CIPA Symposium”, Strasbourg, France, 2-6 September 2013, pp. 
367-372.
36	  R. Teicholz, et al., BIM Handbook – a guide to building 
information modelling for owners, managers, designers, 
engineers and contractors, Hoboken 2011. 
37	  Y. Rezgui, et al., A governance approach for BIM 
management across lifecycle and supply chains using mixed-
modes of information delivery, “Journal of Civil Engineering 
and Management”, 2013, vol. 19, pp. 239-258.
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leading to inefficiency and resistance to change. 
BIM collaborative systems focus on content 
management, viewing and reporting, but 
continue to evolve in the creation of descriptive 
studies and administration38. The main barriers to 
development include interoperability limitations, 
shortcomings in data exchange standards and the 
difficulty of adapting existing tools to the specific 
requirements of the architectural heritage. Lack 
of adequate training also contributes to the 
slowing down of progress. Social and institutional 
obstacles such as industry fragmentation, 
reluctance to change and liability issues are 
hindering the implementation of BIM.39 As is 
illustrated by global examples. The Italian Agency 
for National Unification (UNI) has extended ISO 
EN 19650 to the national level, but lacks specific 
guidelines. Local information systems such as 
Kist o Riches (Scotland) and CultureSampo 
(Finland), which support heritage documentation 
and analysis using web-based applications to 
collect and share information and models, have 
so far only been implemented on a small scale.40

	 In summary, BIM standards, data 
exchange, automation and software functionality 
are key elements for the successful application 
of BIM in architectural heritage conservation. 
Further development of standards, procedural 
frameworks and data exchange protocols is 
necessary to achieve full interoperability, effective 
collaboration between the parties involved and 
the ability to meet the specific editing and formal 
requirements of conservation projects. Accurate 
and up-to-date BIM data is indispensable 
when planning and implementing adaptations, 
upgrades and demolitions of existing buildings. 
Maintaining and updating information in BIM 
38	  M.T. Shafiq, et al., A study of BIM collaboration requirements 
and available features in existing model collaboration systems, 
“ITcon”, 2013, vol. 18, pp. 148-161.
39	  N. Gu, K. London, Understanding and facilitating BIM 
adoption in the AEC industry, “Automation in Construction”, 
2010, vol. 19, pp. 988-999. 
40	  Kist O Riches/Tobar an Dualchais, https://www.ed.ac.
uk/about/gaelic/gaelic-collections/kist-o-riches-tobar-an-
dualchais (accessed March 2019). 

models is a significant challenge and an area of 
research. In addition, achieving interoperability 
between different stages and functionalities of 
BIM is also challenging due to incomplete or 
ambiguously used attributes and model content.

3. Case study: Lilpop, Rau and Loewenstein 
factory regeneration project
	 The case study covers the project 
to regenerate the historic Lilpop, Rau and 
Loewenstein factory on Bema Street in Warsaw, 
that used to be the largest industrial complex in 
the city before World War II. Of the extensive 
plant, covering more than 10 hectares, four 
buildings survived the war, one of which was 
demolished in 2012. Two of the others – the 
office building (A) and the machine hall (B) – 
are currently used as office and retail space with 
a total area of approximately 4950 m².41 The 
architectural style of the buildings is typical of 
the industrial architecture of late 19th century 
Warsaw. The rectangular shape of the buildings 
has been broken in line with the course of the 
former Bema Street. They sit on a high plinth, 
have lighted basements and attics, and their 
facades are made entirely of clinker bricks. The 
distinguishing feature of the office building is 
its richer façade design, characteristic of the 
industrial architecture of the period.42

	 The design for the regeneration of 
the Lilpop, Rau and Loewenstein factory was 
commissioned to SAMI Architekci43 in 2021 and 
carried out using BIM technology. The project 
used the SAMI Architekci BIM office standard, 
based on international standards such as ISO 
19650, PAS 1192 and the Polish adaptation of ISO 
19650 standards for BIM.44 The project attempted 
41	  M. Kruczyńska, Ewidencyjna Karta Zabytku Nieruchomego 
– Zakłady Mechaniczne Lilpop, Rau i Loewenstein, 2004, 
Archive of the Provincial Office for the Preservation of 
Historical Monuments in Warsaw.
42	  J. Kazimierski, Wielkie zakłady przemysłowe Warszawy, 
Warszawa 1978. 
43	  Authors: Mariusz Lewandowski, Anna Kalbarczyk, Jakub 
Krzyczkowski, Wiktor Rafeenko.
44	  BIM Standard PL. Projekt zasad przygotowania i realizacji 
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to use BIM to organise the data collected during 
the architectural and conservation survey of the 
building and then present this data in a 3D model. 
The collected data, contained in a 3D model, was 
intended to assist designers in making design 
decisions regarding the removal, relocation or 
reconstruction of building elements. The plan 
was also to attribute the information obtained 
regarding historical values and indications from 
conservation recommendations to the elements 
of the model. At the project preparation stage, the 
assumption was that decisions would be made on 
the basis of the most complete information model 
and a visual presentation of the data.
	 The Lilpop, Rau and Loewenstein 
factory regeneration project is an excellent case 
study to explore the decision-making process 
in the adaptation and modernisation of historic 
buildings using modern information processing 
tools such as information models. The scope 
of the design work was deliberately extended 
to explore the opportunities and challenges of 
using a comprehensive BIM model to regenerate 
a historic building. The study also includes an 
analysis of the difficulties encountered when 
implementing BIM into historic building retrofit 
projects, including creating accurate geometric 
representations of elements and linking them to 
semantic data. In addition, the project provides an 
insight into a more holistic (by Polish standards) 
approach to hBIM and its potential advantages 
and limitations. The study also allows the lessons 
learned from the project to be assessed and 
recommendations to be made for future projects 
in the context of conservationists’ work and BIM 
practice.

4. Methodology
	 The study used a mixed approach, 
combining qualitative and quantitative data 
collection methods to gain a comprehensive 

inwestycji kubaturowych w Polsce zgodny z normą PN-EN ISO 
19650 i krajowym prawem budowlanym, ed. W. Piwkowski, J. 
Styliński, Warszawa 2020.

understanding of the regeneration of the 
Lilpop, Rau and Loewenstein factory. 
Qualitative data collected through interviews 
and document analysis were used. The entire 
project documentation was analysed, including 
the BIM Execution Plan (BEP), architectural 
designs and BIM models. The author also 
gained access to numerous technical studies 
related to the project, such as geodetic and 
photographic measurements, historical data, 
BIM models in the existing and design phases, 
expert reports on the technical condition of the 
building, expert opinions on the condition of the 
structure,45 conservation work programmes,46 
fire protection expert reports,47 geological 
and engineering survey documentation, and 
geotechnical documentation.48 As part of the 
research, project stakeholders were interviewed: 
the owner, maintenance experts, architects and 
BIM managers. These interviews were designed 
to provide an in-depth understanding and 
assessment of the decision-making process 
and challenges of using BIM methodology, 
covering topics such as the extent of building 
transformation, conservation decisions regarding 
architectural elements and technical maintenance 
aspects of the BIM model. Direct observations 
of the design and agreement process were also 
carried out to identify challenges that were not 
captured during the interviews. Drawing on his 
experience of working on the project, the author 

45	  S. Karczmarczyk, et al., Ekspertyza techniczna zespołu 
budynków przy Al. Prymasa Tysiąclecia 48A w Warszawie, 
Kraków, September 2022, commissioned by ETOB Warszawa 
Sp. z o.o., in the Investor’s archives.
46	  T. Śleboda, Program prac remontowo-konserwatorskich 
budynku przy Al. Prymasa Tysiąclecia 48A w Warszawie, 
Warszawa, March-April 2022, in the Investor’s archives.
47	  I. Kopczyński, Ekspertyza pożarowa zespołu budynków 
przy Al. Prymasa Tysiąclecia 48A w Warszawie, Kraków, 
September 2022, commissioned by ETOB Warszawa Sp. z o.o., 
in the Investor’s archives.
48	  K. Traczyński, M. Grela, Dokumentacja badań podłoża 
gruntowego wraz z opinią geotechniczną dotyczącą budynku 
usługowego projektowanego w Warszawie przy Al. Prymasa 
Tysiąclecia 48A – dz. nr ew. 10 obręb 6-05-06, Warszawa, 
January 2022, in the Investor’s archives.
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brought in additional reflections and insights, 
which enabled a fuller presentation of the 
challenges and the decision-making process from 
an internal perspective.
	 A variety of research methods were used 
to analyse the data collected during the Lilpop, 
Rau and Loewenstein factory regeneration project 
to provide a comprehensive understanding of 
the project. The scope of the analysis included 
an assessment of the historical data, the 
complexity of the BIM model, the correctness 
of the geometry and parameters of the elements, 
and the decision-making process based on the 
collected data. Various software tools were used, 
such as Autodesk Revit with API plug-ins,49 
Microsoft Excel, Google Drive and dedicated 
data management software.50 Autodesk Revit 
was used to analyse the information contained 
in the BIM model, such as the number and type 
of parameters and their correctness. Quantitative 
data management and model complexity analysis 
were supported by Microsoft Excel worksheets 
with scripts linking the worksheets to the model. 
Google Drive enabled online collaboration for 
model evaluation, and dedicated data processing 
software ensured the accuracy and reliability of 
the results.
	 The scope of the analysis was broad 
and covered various aspects of the Lilpop, Rau 
and Loewenstein factory regeneration project, 
including: assessing the extent of historical data, 

49	  The proprietary custom plug-ins used in Autodesk Revit and 
Google Docs were created using their respective APIs in  C#. 
These plug-ins allowed the synchronisation of parametric data 
with Google Sheets and access to project documents via the 
cloud. By incorporating features that are typically unavailable 
in standard CDE platforms, such as online document editing 
and the creation of interactive tabs available in design software 
such as Revit, these plug-ins have greatly streamlined the 
process of preparing the necessary links and embedding them 
into existing BIM model parameters.
50	  Tools used for data management and analysis in this project 
included Power BI, Autodesk Navisworks and Autodesk Model 
Checker. Power BI was used for data visualisation and analysis, 
while Autodesk Navisworks and Autodesk Model Checker were 
used to assess, validate and manage the BIM model, ensuring 
the accuracy and consistency of elements of the model.

photographs and measurements, and evaluating 
the saturation of the BIM model with measured 
data. The analysis was also focused on the 
legibility of the presentation of conservation data 
in the BIM model, the correspondence between 
the design assumptions and the final design, and 
the correspondence between the BIM model 
implementation assumptions set out in the BEP 
and their implementation.51

	 Throughout the research process, 
particular attention was paid to ethical issues. 
The author ensured that all participants were fully 
informed of the study’s purpose and procedures 
before agreeing to participate. Data confidentiality 
was maintained at every stage of the study 
and all personal data was removed from the 
transcription and data analysis. Nevertheless, the 
fact that the author was an acquaintance of some 
of the people involved in the project may have 
introduced potential biases or limitations in the 
data collected. To minimise this risk, the author 
has tried to maintain an objective perspective and 
compare data from different sources, including 
observations and document analysis.
	 The data collected was specific to the 
Lilpop, Rau and Loewenstein factory regeneration 
project, and it may not be appropriate to 
generalise when it comes to other heritage sites or 
regeneration projects. Despite these limitations, 
the mixed-methods approach used allowed 
for a comprehensive analysis and evaluation 
of the factory regeneration project, including 
the challenges and decision-making processes 
involved in using BIM methodology for heritage 
buildings. The study contributes to the existing 
literature on BIM methodology for existing 
assets and provides valuable lessons for future 
regeneration projects.

51	  M. Wrzosek, BIM Execution Plan dla projektu przebudowy 
zespołu budynków przy Al. Prymasa Tysiąclecia 48A 
w Warszawie, Warszawa, April 2022, in the SAMI Architekci 
archive.
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5. Results

5.1. Elements of BIM implementation 
in  the Lilpop, Rau and Loewenstein factory 
regeneration project successfully completed
	 The initial project plan for the 
regeneration of the Lilpop, Rau and Loewenstein 
factory had several objectives, some of which 
were successfully achieved and used in the 
design work and decision-making process. One 
such achievement included the integration of 
stratigraphic data using phasing parameters 
in Revit. This allowed relevant drawings to be 
prepared, which were then used to generate 
construction phase filters. These filters 
facilitated the creation of drawings required 
by the conservation officer to illustrate the 
transformation of the building structure over 
time.
	 Another achievement consisted of 
the input of information on the condition of 
the building’s structural elements, which was 
implemented using custom design parameters in 
Revit. In addition, a valorisation of the elements 
was carried out through the implementation of 
parameters storing information on conservation 
recommendations. These parameters were 
assigned values such as ‘to be retained’, 
‘modifiable’ or ‘deletable/transformable.’ 
	 The data obtained from these 
achievements played a key role in the extended 
discussion and decision-making process 
regarding the behaviour of specific structural 
elements of the building. The process culminated 
in a compromise, with the provincial conservation 
officer agreeing to demolish a significant part 
of the walls built in later periods. This decision 
was based on data that showed that these walls 
were not original parts of the building. Although 
this understanding would also have been 
achieved using traditional drawing techniques, 
the presentation of the data in 3D form has 
contributed to a deeper and more accurate 
understanding of the information. In addition, 

it facilitated a clear representation of the designers’ 
intentions for the parts of the building to be 
removed, ensuring a more accurate and informed 
decision-making process. The compromise points 
to the importance of effective communication and 
cooperation between the various stakeholders in 
the process of regenerating historic sites.
	 In addition to the previously mentioned 
achievements, other goals were also attained as 
part of the Lilpop, Rau and Loewenstein factory 
regeneration project. One of these was to label 
the essential elements of the building and link 
them with links to the relevant documentation. 
This was attained using view filters, with links to 
documentation stored in the cloud included in 
the URL parameters.52 This approach allowed easy 
access to expert opinions and guidance directly in 
the Revit user interface (Fig. 1).
	 Another goal achieved included 
the marking of study sites, with links to 
documentation stored in a cloud. Custom families 
were created to place the locations of test pits and 
GPR surveys in the BIM model,53 allowing quick 
access to the survey data associated with the 
feature. In addition, the geometric data obtained 
from the expert opinions and surveys were used 
to accurately model invisible structural elements 
such as columns, steel beams and internal floor 
layers. This was a key step, as these elements were 
considered to be the most valuable, representing 
the original structural concept of the building, 
and were marked as ‘absolutely to be preserved’.
	 The introduction of references to the 
‘Conservation Work Programme’54 was achieved 
through the use of parameterised and descriptive 
data, with additional references to the online 
text. This facilitated a faster verification of the 
recommendations coming from the individual 
elements. These developments have made 

52	  The bookmarks function in Google Documents allows you 
to create direct links to specific passages in an online document. 
By storing these URLs as parameters in Revit, users can quickly 
access the relevant data.
53	  S. Karczmarczyk, et al., op. cit.
54	  T. Śleboda, op. cit. 
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a  significant contribution to speeding up the 
design work, allowing any doubts or concerns 
about the displacement or removal of parts of the 
building to be clarified immediately (Fig. 2).

5.2. Challenges and constraints encountered 
in implementing BIM in a heritage site 
regeneration project
	 Several objectives of the Lilpop, Rau 
and Loewenstein factory regeneration project 
were not fully achieved or required a significant 
amount of work, which proved uneconomic 
for non-experimental projects. One significant 
challenge was to maintain a naming standard that 
was not adapted to the specific characteristics of 
historic buildings. The main problem was the data 
structure ontology, as too many element types 
were defined, leading to overlapping information 
structures. The model contained more than 3,200 
types of elements, including all technical devices 
and equipment. Among them were 97 wall types 
and 52 window types, which posed a particular 
problem. The numerous brick wall types, many 
of which have been modified over the course of 
the building’s existence, often overlapped, making 
it difficult to assign them to a particular element 
type. A similar challenge arose with the windows, 
much of which were custom-made or produced in 
limited numbers for specific parts of the building. 
As a result, the list of typologies became bulky 
and difficult to manage.
	 Maintaining naming standards and 
a  well-defined data structure ontology is crucial 
in the context of modelling using BIM, especially 
for historic buildings. Imprecise or incomplete 
naming standards can lead to confusion, making 
it difficult to identify individual elements and 
causing errors in the modelling process.55 
In  addition, a clear data structure ontology 
is essential to avoid overlapping information 
structures that can lead to ambiguous or 
inconsistent data that is difficult to interpret or 
use effectively.
55	  Y. Rezgui, et al., op. cit.

Another problem was to keep the elements 
divided according to the phases of the building’s 
creation. This required the elements of the model 
to be broken down into smaller parts, such as 
walls, lintels and sub-window walls. However, 
this division was not taken into account at the 
BEP stage, making work difficult and increasing 
the workload at the project preparation stage 
(Fig. 3). The responsibility, level of detail and 
naming of such elements were not sufficiently 
defined and most of the work fell to the project 
team, increasing the workload. Such a situation 
contradicts the aim of BIM, which is to streamline 
the design and construction process.
	 The input of information into the 
model also entailed problems with the logical 
consistency of the model structure. The problem 
arose in distinguishing between types and their 
occurrences, as much of the data for selected 
fragments of irregularly shaped objects required 
the model elements to be broken down into 
smaller components with different properties. 
Significantly, these geometries often did not 
overlap between different aspects of the research 
or the meaning of the elements. The lack of 
consistency further complicated the modelling 
process and posed a challenge in the effective use 
of BIM on the project.
	 The project to regenerate the Lilpop, 
Rau and Loewenstein factory also encountered 
challenges in combining the data with the 
geometric elements of the model. The problem 
arose from the fact that the references were not 
clear-cut: some aspects affected many different 
elements, while certain issues affected different 
components within a single element of the model. 
In addition, different parts of a single component 
may have entailed different problems, requiring 
a decision to split the component into additional 
components. The validity of this issue is important 
in the context of BIM, as accurately linking data 
to the geometric elements of the model is crucial 
for effective project management, collaboration 
and analysis. By combining data with elements 
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of the model, stakeholders can more easily 
understand and analyse the relationships between 
different building components, which can help 
improve decision-making and optimise building 
operations.
	 Another challenge included the creation 
of model elements that required Revit operators 
to interpret the data. This required more 
involvement from those with expertise on the 
subject of historic buildings and conservation 
theory. BIM technicians often lacked sufficient 
knowledge of architectural history to recognise 
the nuances of historic details, leading to 
inaccuracies in modelling (Figure 4). This issue 
is also relevant in the context of conservation 
theory, as accurate modelling of historic buildings 
is crucial to understanding their significance, 
identifying potential threats and developing 
appropriate conservation strategies.
	 In addition, in order to provide 
a reasonably sized model, it was necessary to use 
modelling tools in Revit to reproduce some details 
such as cornices, lintels and structural joints, 
despite the negative impact on the substantive 
quality of the final model. This issue is relevant 
to both BIM and the heritage conservation 
theory. In the context of BIM, the use of standard 
modelling tools (basic geometry creation 
methods, also defined within the IFC: Extrusion, 
Sweep, Revolve, Loft and boolean operations) is 
essential for the efficient and accurate creation 
of models. However, the use of such tools 
sometimes entails a trade-off between model size 
and detail. In this case, the use of Revit modelling 
tools for details such as cornices and lintels was 
necessary to maintain a reasonable model size. 
However, this has had a negative impact on the 
substantive quality of the final model, as these 
tools are adapted to modern building techniques 
and do not allow for the correct reproduction of 
the historic internal structure.

5.3. Unresolved issues in the implementation 
of  BIM in historic building regeneration 
projects
	 During the course of the Lilpop, Rau 
and Loewenstein factory regeneration project, 
some targets were not met, highlighting the 
constraints and challenges that still need to be 
addressed in the context of implementing BIM 
for historic building regeneration projects. One 
of the significant challenges included the inability 
to enter geometric information on the state of 
preservation, such as damage to wall structure, 
discolouration or cracks. Despite the addition of 
links to elevation maps and selected elements, 
the lack of appropriate tools to easily enter 
markings on specific parts of the site (reflecting 
the geometry) prevented the inclusion of this 
key information. 2D data entry on drawings was 
considered to be a duplication of information, 
limiting the work to adding links to descriptions 
associated with model elements – without precise 
locations of damaged parts of elements.
	 Another challenge encountered during 
the project had to do with the incomplete 
integration of the prepared research materials 
– including survey results, expert opinions and 
other studies – into the BIM model. Some of the 
data was formulated in such a way that it could 
not be linked to specific elements of the model, 
further illustrating the difficulty in breaking 
down the model into elements that could be 
separately described and assessed. This problem 
also arose in the case of more abstract research 
documents, such as those on the history of the 
building and its heritage values, which contained 
sections of text referring to abstract elements that 
were not suitable for modelling because they were 
not physical parts of the building. Examples of 
such abstract elements include information about 
the composition of the façade – the  number of 
window axes, concepts for decorative elements 
or the tectonics of the façade, which may 
include plinths, projections and pilasters. The 
software used in the project (Autodesk Revit) 
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did not provide tools for describing such abstract 
entities or relationships, e.g. the belonging of 
a building element to a specific façade axis or set 
of architectural details. Current BIM solutions 
based on the IFC standard, most notably 
Autodesk Revit, offer a broad set of tools for 
defining parametric relationships between model 
elements. However, they are primarily a reflection 
of an engineering approach that is closely 
aligned with construction project processes, 
focusing on technological and execution aspects. 
Consequently, they prove insufficient when more 
abstract, theoretical aspects related to architecture 
need to be described. There is a lack of effective 
mechanisms to present relationships arising from 
the principles of spatial composition, aesthetics 
or proportions of architectural elements. This 
limitation significantly affected the ability to fully 
capture and represent the significant architectural 
and historical values of the Lilpop, Rau and 
Loewenstein factory in the BIM model.
	 The next problem had to do with the 
inability to maintain a uniform structure of 
element typologies across the various studies. 
In each of the external studies, the typology of 
elements and the breakdown structure of the 
building elements differed because they were 
adapted to the needs or working standards of 
their authors. While this is a common problem in 
traditional design, it becomes more pronounced 
when data needs to be attributed to the specific 
elements it describes. Difficulties were also 
encountered in creating a sectoral conservation 
model due to the lack of specific standards and 
guidelines. The design model was too complex 
and, despite the efforts of the project team, it 
was not possible to generate a properly prepared 
information layer that effectively presented 
the complete conservation requirements. This 
limitation made it difficult for the project to meet 
the unique needs and challenges of regenerating 
historic buildings.
	 The final issue consisted of the overly 
ambitious idea of using the Common Data 

Environment (CDE) platform to store and 
exchange all project data, which turned out to be 
unachievable. The proposed solution, Autodesk 
BIM Docs, proved too costly for the needs of the 
project, given the large number of participants 
involved. Financial constraints led to the decision 
to abandon the launch of the CDE platform at an 
early design stage, with the number of potential 
participants playing a large role in the investor’s 
decision-making process. This draws attention 
to the importance of finding cost-effective data 
management solutions for historic building 
regeneration projects.

6. Discussion
	 The challenges encountered during 
the  Lilpop, Rau and Loewenstein factory 
regeneration project highlight the existing 
limitations of current BIM technology and 
the implementation of the IFC standard in 
the context of the complexity associated with 
historic buildings. In order to understand these 
limitations better, it is important to analyse the 
gaps in existing BIM practices and standards, to 
assess their impact on different stakeholders, and 
to explore potential avenues for improving BIM 
applications in the preservation and regeneration 
of historic buildings.
	 The problems associated with 
maintaining naming standards, typologies and the 
subdivision of elements according to the phasing 
of the building during the implementation of 
the project in question highlight the need for 
a more flexible data structure that responds to the 
unique characteristics of historic buildings. The 
effectiveness of modelling complex relationships 
between architectural elements using BIM 
and the IFC standard depends on a number of 
factors, such as the software used, the resources 
available and the knowledge of the team involved 
in the project.56 As a result, the level of detail 
and complexity of the model is not always able 
to capture the subtleties of historic buildings, 
56	  M.T. Shafiq, et al., op. cit.
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especially when unique or non-standard elements 
that are difficult to standardise are involved.
	 In the context of Lilpop’s factory, the 
problems of naming conventions, typology 
and the subdivision of elements demonstrate 
the limitations of current BIM practices and 
standards in dealing with the nuances associated 
with the conservation and regeneration of 
historic buildings. The difficulty of establishing 
and maintaining a consistent naming convention 
and data structure for different element types, 
such as walls and windows, highlights the need 
for a more flexible and contextual approach 
to implementing BIM for historic buildings.57 
In addition, the problems associated with the 
subdivision of elements according to the phasing 
of the building suggest the need to develop 
a more flexible methodology that takes into 
account the dynamic nature of historic buildings 
and their changing needs in the conservation and 
regeneration process.
	 The development of BIM methodologies 
better suited to the unique requirements of 
historic buildings would benefit architects, 
heritage preservationists and BIM specialists 
by supporting a more efficient and accurate 
approach to the conservation and regeneration 
of historic buildings. Maintaining a uniform 
structure of element typologies across studies is 
challenging due to the varying needs or standards 
of the authors. This problem has a significant 
impact on the overall consistency and usability 
of the BIM model for historic buildings, as it 
can lead to inconsistencies in the representation 
and classification of architectural elements. As a 
result, stakeholders may encounter difficulties in 
interpreting and comparing data, which in turn 
limits their ability to make informed decisions 
about the conservation and regeneration of 
historic buildings. Solving this problem would 
require the development of more comprehensive 
and flexible standards for the classification and 
documentation of historic building elements 
57	  A. Baik, et al., Jeddah Historical Building…, op. cit.

within BIM, taking into account the unique 
features and requirements of these buildings 
and the diverse knowledge of the professionals 
involved.58

	 Difficulties in entering information into 
the model due to inconsistencies with its data 
structure, as well as problems in distinguishing 
types and instances for irregularly shaped 
objects, further highlight the limitations of the 
current BIM approach and the implementation 
of the IFC standard in adequately representing 
the complexity of historic buildings and their 
conservation issues. While BIM models can store 
and manage historical and heritage information, 
their structure is not the most appropriate for 
representing heritage data – particularly for the 
intricate details and unique features of historic 
buildings.59 In comparison, standards such as 
CIDOC CRM, designed specifically for cultural 
heritage information, offer more specialised 
and standardised data models, better suited to 
representing the complexity of historic buildings 
and their conservation requirements.60 The 
implementation of such a specialised framework 
or the integration of its principles into existing 
BIM practice could potentially improve the 
representation of heritage data in hBIM models 
and facilitate more effective conservation and 
regeneration strategies for historic buildings. 
Further research and development in this area 
can provide valuable insights into how architects, 
heritage conservationists and BIM professionals 
can better use these specialised data models to 
improve the management and preservation of 
historic structures.
	 Achieving full integration between the 
prepared research materials and the BIM model 

58	  Ibidem.
59	  S.G. de Oliveira, et al., Optimizing H-BIM Workflow for 
Interventions on Historical Building Elements, “Sustainability”, 
2022, vol. 14, no. 15, art. no. 9703.
60	  P. Le Boeuf, et al, Definition of the CIDOC Conceptual 
Reference Model Documentation Standards Group V7.2.2, 
ht tp://w w w.cidoc-crm.org /versions-of-t he-cidoc-crm 
(accessed: March 2023). 
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remains a challenge, especially when the data is 
formulated in a way that does not allow direct 
connection to specific model elements. This 
limitation is particularly evident in the context of 
historic buildings, where abstract research data 
on a building’s history and value is often crucial 
to understanding the significance of architectural 
elements and making conservation decisions. 
BIM can support the assessment of the relative 
importance of architectural elements, but the 
process is highly dependent on well-defined 
criteria and the correct classification of elements.61 
The success of such an approach requires the 
availability of clear guidelines for assessing 
relevance and adequate knowledge of the team so 
that the criteria are applied correctly. However, 
assessing significance in the context of historic 
buildings and conservation can involve subjective 
judgements and interdisciplinary knowledge that 
is difficult to incorporate into a BIM framework. 
As a result, a more flexible and adaptive approach 
to data integration is needed to better address 
the unique complexity of historic buildings and 
provide a more comprehensive understanding of 
their value.
	 The need for greater involvement of those 
with expertise in the field of historic buildings 
and conservation theory in the development 
of model elements highlights the importance 
of including experts in the field in the BIM 
process. The  limitations of BIM technicians 
in recognising the historical nuances and 
intricacies of conservation theory can lead to 
inaccuracies in the BIM model, which can have 
significant implications for the conservation 
and management of historic structures.62 
Inviting experts with relevant knowledge and 
experience not only improves the accuracy of 
the BIM model, but also enables more effective 
analysis, which supports stakeholders in making 
informed decisions and developing appropriate 

61	  G. Rocha, et al., A Scan-to-BIM Methodology Applied to 
Heritage Buildings, “Heritage”, 2020, vol. 3, pp. 47-67.
62	  R. Quattrini, et al., op. cit.

conservation strategies. However, one of the 
main challenges is that many subject experts 
may not be familiar with BIM methodology or 
BIM software, which is a barrier to their effective 
participation in the process. Overcoming this 
obstacle through training and interdisciplinary 
collaboration between BIM technicians and 
domain experts is key to ensuring the successful 
application of BIM in the field of historic building 
preservation and regeneration.
	 Although BIM solutions, including 
Autodesk Revit, offer numerous tools to store 
parametric data and create relationships between 
model elements, they face significant limitations 
when it comes to the accurate presentation of 
more complex data on the conservation status 
of historic buildings. In particular, this applies to 
aspects such as structural defects, discolouration, 
cracks, or historical transformations of the 
object. While it is possible to model parametric 
relationships compatible with an engineering 
approach using existing tools, these tools are 
poorly suited to the very abstract and interpretive 
approach implicit in architectural and historic 
preservation theory, which includes the 
description of compositional principles, aesthetics 
and proportions of architectural elements.
	 A potential way to deal with this 
limitation is to adapt visualisation tools such as 
colour-coded maps, which are currently used 
in Autodesk Revit to visualise the energy and 
structural performance of buildings. Solutions 
of this kind could be adapted to present the 
conservation status of historic elements. Colour-
coded maps would allow the intuitive application 
of condition information directly onto the 
geometric model, which would facilitate data 
management, reduce the risk of errors and 
reduce the work involved in manually entering 
information into tables or schedules. However, 
the implementation of such a solution would 
require specialised software tools to be developed 
in order to meet specific conservation and 
architectural requirements.
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	 Current challenges of preparing an 
industry-specific conservation model stem 
primarily from the lack of appropriate standards 
and the complexity of design models that are 
created using standard BIM tools. This clearly 
highlights the need for the development of 
guidelines and standards specifically for the 
creation of conservation models for historic 
buildings. This requires striking a balance 
between the use of automated modelling tools 
and the need for a manual and more precise 
representation of important architectural details. 
Particularly in the context of conservation theory, 
the accuracy of the reproduction of elements such 
as cornices, lintels or structural joints plays a key 
role in correctly understanding the significance 
of a historic building and identifying potential 
threats.
	 To sum it up, an increased participation 
of experts with architectural and historic 
preservation expertise in the process of creating 
BIM models is necessary. The inclusion of 
specialists will make it possible to create a model 
that is not only technically correct, but also fully 
reflects the historical and cultural values of the 
site. Ultimately, the establishment of specialised 
guidelines and standards for conservation models 
can significantly improve the efficiency of the 
regeneration process, enabling the creation of 
more detailed and effective strategies for the 
protection of architectural heritage.

7. Conclusions
	 Given that the investigation was based 
on a single case study, the possibilities to fully 
generalise the results obtained are limited. 
Nevertheless, the analysis of the Lilpop, Rau 
and Loewenstein factory regeneration project 
revealed the following key findings: 

- The main problem with BIM in its current 
form and implementation in the Autodesk 
Revit environment is about limitations in terms 
of adequately modelling the relationships 
between elements that are relevant to both 

architectural design and heritage conservation. 
Although it is possible to add additional data 
to models in design software such as Revit with 
the appropriate plug-ins, transferring this data 
structure using IFC files proves impossible. As 
a result, although the parameters remain in 
the model, the added semantic connections 
between elements are lost. The semantic 
relationship model is crucial in the decision-
making stage of heritage conservation, as 
it enables the description of the different 
relationships between building elements and 
their history, users, meaning and aesthetics. 
These relationships ultimately translate into 
heritage values that inform conservation 
decisions. In Polish law, for example, artistic, 
historical and scientific values are defined as 
the requirements that a building must meet 
in order to be recognised as architectural 
heritage. On the basis of these values and their 
material carriers, decisions are made about 
possible interventions.
- There is a clear need for an additional 
type of database model that could include 
architectural, historical and heritage 
preservation data.63 Although there are 
models based on the CIDOC CRM ontology, 
these are mainly designed for archaeological 
sites and ruins rather than existing buildings. 
A potential solution could be to semantically 
link the architecture-adapted model to the 
BIM model through purpose-built ORM 
(Object-Relationship Mapping) software. 
Architecture is a combination of art and 
engineering, but current BIM software is 
largely developed from a civil engineer’s 
perspective. There  is a  noticeable lack of 
software that allows aspects such as form, 
composition, proportion and context to be 
developed and described from the architect’s 
point of view.

63	  D. Simeone, et al., BIM semantic-enrichment for built 
heritage representation, “Automation in Construction”, 2019, 
vol. 97, pp. 122-137.
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- The architectural model should include 
information on the building form, façade 
composition, decorative details and data 
on their state of preservation, degree of 
importance, as well as an assessment of heritage 
value and conservation recommendations. If it 
were possible to attach relevant information to 
building elements without having to modify 
the model using native software such as Revit, 
the process would be greatly simplified and 
accelerated. Furthermore, if the semantic 
model allowed easy, simultaneous access to 
historical, artistic and scientific data, it would 
provide an invaluable tool for conducting 
and discussing assessments of the heritage 
value of buildings. However, without the right 
tools, such activities become economically 
unviable due to the significantly increased 
working time. Therefore, the development of 
software and database models that meet the 
unique requirements of architectural heritage 
conservation is key to streamlining the process 
and improving the efficiency of conservation 
and restoration activities.

	 In summary, the implementation of BIM 
into architectural monuments requires a different 
approach compared to new or typically retrofitted 

buildings - with more emphasis on preservation 
issues than on economic aspects in decision-
making. The development of alternative database 
models that effectively combine architectural, 
historical and heritage conservation data can 
foster more effective and sustainable conservation 
practices. As the industry transforms into a digital 
environment, the acquisition and management of 
information requires specific skills in formulating 
queries and navigating vast amounts of data. 
In current practice, design decisions are often 
made intuitively, based on the knowledge and 
experience of those responsible. However, the 
new paradigm emphasises design decisions based 
on an objective set of data which, while still 
requiring intuitive reasoning, is based on a much 
larger and more reliable knowledge base. This 
approach facilitates better-informed decisions 
on the conservation and regeneration of historic 
buildings, ultimately contributing to more 
effective conservation strategies and sustainable 
management of our cultural heritage. Through the 
development of dedicated database models and 
software tools, we can increase our understanding 
and appreciation of historic buildings, ensuring 
they are properly protected and preserved for 
future generations.



46 Kwartalnik Architektury i Urbanistyki

Akcamete A., Akinci B., Garrett Jr. J.H., Motivation for Computational Support for Updating Building Information Models 
(BIMs), in: Computing in Civil Engineering, ed. Caldas C.H., O’Brien W.J., Austin 2009, DOI: 10.1061/41052(346)52

Arayici Y., Towards building information modelling for existing structures, “Structural Survey”, 2008, vol. 26, 
DOI:10.1108/02630800810887108

Asen Y., Motamedi A., Hammad A., BIM-based visual analytics approach for facilities management, presented at the location 
of the conference, Moscow 2012

Autodesk Revit Energy Analysis, https://www.autodesk.com/autodesk-university/article/Energy-Analysis-Revit-Insight-and-
Green-Building-Studio 

Autodesk Revit Structural Analysis,  https://www.autodesk.com/support/technical/article/caas/tsarticles/
ts/3tYXGZcUZgPEw5UAJCX8sz.html 

Baik A., Alitany A., Boehm J., Robson S., Jeddah Historical Building Information Modelling JHBIM-Object Library, “ISPRS 
Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences”, 2014, vol. 2, DOI: 10.5194/isprsannals-
II-5-41-2014

Baik A., From point cloud to Jeddah heritage BIM Nasif historical house–case study, “Digital Applications in Archaeology and 
Cultural Heritage”, 2017, vol. 4, DOI: 10.1016/j.daach.2017.02.001

Baik A., Yaagoubi R., Boehm J., Integration of Jeddah Historical BIM and 3D GIS for Documentation and Restoration of 
Historical Monument, “International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences” 
2015, vol. 40, DOI: 10.5194/isprsarchives-XL-5-W7-29-2015

Biagini C., Capone P., Donato V., Facchini N., Towards the BIM implementation for historical building restoration sites, 
„Automation in Construction” 2016, no. 71, DOI: 10.1016/j.autcon.2016.03.003

BIM Standard PL. Projekt zasad przygotowania i realizacji inwestycji kubaturowych w Polsce zgodny z normą PN-EN ISO 
19650 i krajowym prawem budowlanym, ed. Piwkowski W., Styliński J., Warszawa 2020

BIMForum, Level of Development (LOD) Specification for Building Information Models, version 2019, https://bimforum.
org/lod/ 

British Standards Institution (BSI), PAS 1192-2:2013 Specification for information management for the capital/delivery phase 
of construction projects using building information modelling, 2013

Brumana R., Oreni D., Raimondi A., Georgopoulos A., Bregianni A., From survey to HBIM for documentation, dissemination 
and management of built heritage: The case study of St. Maria in Scaria d’Intelvi, “Digital Heritage International Congress”, 
2013, no. 1

Bruno N., Roncella R., HBIM for Conservation: A New Proposal for Information Modeling, „Remote Sensing”, 2019, t. 11, 
no. 15, art. no. 1751, DOI: 10.3390/rs11151751

D’Auria S., De Feo E., Di Ruocco G., Parametric planning for the restoration and rehabilitation of architectural heritage, 
“City Safety Energy”, 2014, no 2 

De Luca L., Véron P., Florenzano M., A generic formalism for the semantic modeling and representation of architectural elements, 
“Visual Computer”, 2007, vol. 23, DOI: 10.1007/s00371-006-0092-5

Del Giudice M., Osello A., BIM for cultural heritage, “International Archives of the Photogrammetry, Remote Sensing and 
Spatial Information Sciences”, 2013, no. 40, DOI: 10.5194/isprsarchives-XL-5-W2-225-2013

Donath D., Petzold F., Braunes J., Fehlhaber D., Tauscher H., Junge R., Göttig R., IT-gestützte projekt- und zeitbezogene 
Erfassung und Entscheidungsunterstützung in der frühen Phase der Planung im Bestand (Initiierungsphase) auf Grundlage 
eines IFC-basierten CMS. Endbericht, Stuttgart 2010 

Bibliography



Architecture and town planning Quarterly 47

Dore C., Murphy M., McCarthy S., Brechin F., Casidy C., Dirix E., Structural simulations and conservation analysis-Historic 
building information model (HBIM), “International Archives of the Photogrammetry, Remote Sensing and Spatial Information 
Sciences”, 2015, no. 40, DOI: 10.5194/isprsarchives-XL-5-W4-351-2015

East B., Carrasquillo-Mangual M., The COBie Guide: a commentary to the NBIMS-US COBie standard, Champaign, IL, 2013

East E.W., Construction operations building information exchange (COBie). Requirements Definition and Pilot Implementation 
Standard, Champaign, IL 2007

East E.W., Water System information exchange (WSie), Washington, DC 2012

Fai S., Sydor M., Building Information Modelling and the documentation of architectural heritage: Between the ‘typical’ and the 
‘specific’, “Digital Heritage International Congress”, 2013, no. 1, DOI: 10.1109/DigitalHeritage.2013.6743828

Fassi F., Achille C., Mandelli A., Rechichi F., Parri S., A new idea of BIM system for visualization, web sharing and using huge 
complex 3D models for facility management, “International Archives of the Photogrammetry, Remote Sensing and Spatial 
Information Sciences”, 2015, vol. XL-5/W4, DOI: 10.5194/isprsarchives-XL-5-W4-359-2015

González-Aguilera D., Lahoz, J.G., Virtual archaeological sites modelling through low-cost methodology, “Survey Review”, 2010, 
vol. 42, DOI: 10.1179/003962610X12747001420429

Gu N., London K., Understanding and facilitating BIM adoption in the AEC industry, “Automation in Construction”, 2010, vol. 
19, DOI: 10.1016/j.autcon.2010.09.002

ISO Standard, ISO 12006-3:2007 Building Construction: Organization of Information About Construction Works, Part 3: 
Framework for Object-oriented Information, 2007

ISO Standard, ISO/PAS 16739:2005 Industry Foundation Classes, Release 2×, Platform Specification (IFC2× Platform), 
International Standard, 2005

Karczmarczyk S., Członka M., Rzepa J., ., Ekspertyza techniczna zespołu budynków przy Al. Prymasa Tysiąclecia 48A w 
Warszawie, Kraków, September 2022, commissioned by ETOB Warszawa Sp. z o.o., in the Investor’s archives

Kazimierski J., Wielkie zakłady przemysłowe Warszawy, Warszawa 1978 

Kist O Riches/Tobar an Dualchais, https://www.ed.ac.uk/about/gaelic/gaelic-collections/kist-o-riches-tobar-an-dualchais 
(dostęp: marzec 2019)

Klein L., Li N., Becerik-Gerber B., Image-based verification of as-built documentation of operational buildings, „Automation 
in Construction”, 2012, vol. 21, DOI: 10.1016/j.autcon.2011.05.023

Kopczyński I., Ekspertyza pożarowa zespołu budynków przy Al. Prymasa Tysiąclecia 48A w Warszawie, Kraków, September 
2022, commissioned by ETOB Warszawa Sp. z o.o., in the Investor’s archives

Kruczyńska M., Karta Ewidencyjna Zabytku Nieruchomego – Zakłady Mechaniczne Lilpop, Rau i Loewenstein, 2004, 
Archive of the Provincial Office for the Preservation of Historical Monuments in Warsaw

Le Boeuf P., Doerr M., Ore C.E., Stead, S., Definition of the CIDOC Conceptual Reference Model Documentation Standards 
Group V7.2.2, http://www.cidoc-crm.org/versions-of-the-cidoc-crm 

López F.J., Lerones P.M., Llamas J., Gómez-García-Bermejo J., Zalama E., A Review of Heritage Building Information Modeling 
(H-BIM), “Multimodal Technologies and Interaction”, 2018, vol. 2, no. 2, art. no. 21, DOI: 10.3390/mti2020021

Motawa I., Almarshad A., A knowledge-based BIM system for building maintenance, “Automation in Construction”, 2013, vol. 
29, DOI: 10.1016/j.autcon.2012.09.008

Murphy M., McGovern E., Pavia S., Historic building information modelling (HBIM), “Structural Survey”, 2009, no. 27, DOI: 
10.1108/02630800910985108

Murphy M., McGovern E., Pavia S., Historic building information modelling – Adding intelligence to laser and image-
based surveys of European classical architecture, “ISPRS Journal of Photogrammetry and Remote Sensing”, 2013, no. 76, 
DOI:10.1016/j.isprsjprs.2012.11.006



Kwartalnik Architektury i Urbanistyki48

Murphy M., McGovern E., Pavia S., Historic building information modelling-adding intelligence to laser and image-based 
surveys, “ISPRS International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences”, 2011, no. 
3816, DOI: 10.5194/isprsarchives-XXXVIII-5-W16-1-2011

National Building Specification (NBS), https://www.thenbs.com/ 

Nieto J.E., Moyano J.J., Delgado F.R., García D.A., Management of built heritage via HBIM Project: A case of study of flooring 
and tiling, “Virtual Archaeology Review”, 2016, no. 7, DOI: 10.4995/var.2015.4349

Oliveira S.G. de, Biancardo S.A., Tibaut A., Optimizing H-BIM Workflow for Interventions on Historical Building Elements, 
„Sustainability”, 2022, vol. 14, no. 15, art. no. 9703, DOI: 10.3390/su14159703

Oreni D., Brumana R., Banfi F., Bertola L., Barazzetti L., Cuca B., Roncoroni F., Beyond Crude 3D Models: From Point Clouds 
to Historical Building Information Modeling via NURBS, “EuroMed: Limassol, Cyprus”, 2014, DOI: 10.1007/978-3-319-13695-
0_16

Oreni D., Brumana R., Della Torre S., Banfi F., Barazzetti L., Previtali M., Survey turned into HBIM: the restoration and the 
work involved concerning the Basilica di Collemaggio after the earthquake (L’Aquila), “ISPRS Annals of the Photogrammetry, 
Remote Sensing and Spatial Information Sciences”, 2014, vol. II-5, DOI: 10.5194/isprsannals-II-5-267-2014

Oreni D., Brumana R., Georgopoulos A., Cuca B., HBIM for conservation and management of built heritage: Towards a library 
of vaults and wooden beam floors, “ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences”, 
2013, no. 5, DOI: 10.5194/isprsannals-II-5-W1-215-2013

Oreni D., From 3D Content Models to HBIM for Conservation and Management of Built Heritage, “Proceedings of the 13th 
International Conference of Science and Computation ICCSA”, Ho Chi Minh City, Vietnam, 24-27 June 2013, vol. 7974, 
Berlin/Heidelberg 2013, DOI: 10.1007/978-3-642-39649-6_25

Pauwels P., Terkaj W., EXPRESS to OWL for construction industry: Towards a recommendable and usable ifcOWL ontology, 
“Automation in Construction”, 2016, vol. 63, DOI: 10.1016/j.autcon.2015.12.003

Quattrini R., Malinverni E.S., Clini P., Nespeca R., Orlietti E., From TLS to HBIM. High quality semantically-aware 3D 
modeling of complex architecture, “International Archives of the Photogrammetry, Remote Sensing and Spatial Information 
Sciences”, 2015, no. 40, DOI: 10.5194/isprsarchives-XL-5-W4-367-2015

Rezgui Y., Beach T., Rana O., A governance approach for BIM management across lifecycle and supply chains using mixed-modes 
of information delivery, “Journal of Civil Engineering and Management”, 2013, vol. 19, DOI: 10.3846/13923730.2012.760480

Rocha G., Mateus L., Fernández J., Ferreira V., A Scan-to-BIM Methodology Applied to Heritage Buildings, „Heritage”, 2020, 
vol. 3, DOI: 10.3390/heritage3010004

San Jose J.I., Martinez J., Alvarez N., Fernández J., Delgado F., Martinez R., Finat J., An open source software platform for 
visualizing and teaching conservation tasks in architectural heritage environments, “Proceedings of the XXIV International 
CIPA Symposium”, Strasbourg, France, 2-6 September 2013, DOI: 10.5194/isprsarchives-XL-5-W2-367-2013

See R., IFC solution factory: Model view definition site, 2010, http://www.blis-project.org/IAI-MVD/ 

Shafiq M.T., Matthews J., Lockley S.R., A study of BIM collaboration requirements and available features in existing model 
collaboration systems, “ITcon”, 2013, vol. 18

Simeone D., Cursi S., Acierno M., BIM semantic-enrichment for built heritage representation, “Automation in Construction”, 
2019, vol. 97, DOI:10.1016/j.autcon.2018.11.004

Śleboda T., Program prac remontowo-konserwatorskich budynku przy Al. Prymasa Tysiąclecia 48A w Warszawie, Warszawa, 
March-April 2022, in the Investor’s archives

Soler F., Melero F.J., Luzón M.V., A complete 3D information system for cultural heritage documentation, “Journal of Cultural 
Heritage”, 2017, vol. 23, DOI: 10.1016/j.culher.2016.09.008

Tang P., Huber D., Akinci B., Lipman R., Lytle A., Automatic reconstruction of as-built building information models from 
laser-scanned point clouds: a review of related techniques, “Automation in Construction”, 2010, vol. 19, DOI: 10.1016/j.
autcon.2010.06.007

Teicholz R., Eastman P., Liston C., Sacks D., BIM Handbook – a guide to building information modeling for owners, managers, 
designers, engineers and contractors, Hoboken 2011



Architecture and town planning Quarterly 49

Traczyński K., Grela M., Dokumentacja badań podłoża gruntowego wraz z opinią geotechniczną dotyczącą budynku usługowego 
projektowanego w Warszawie przy Al. Prymasa Tysiąclecia 48A – dz. nr ew. 10 obręb 6-05-06, Warszawa, January  2022, 
in the Investor’s archives

Valero E., Adan A., Huber D., Cerrada C., Detection, modeling, and classification of moldings for automated reverse engineering 
of buildings from 3D data, “Proceedings of the 28th International Symposium on Automation and Robotics in Construction 
(ISARC)”, Seoul 2011

Venugopal M., Eastman C., Sacks R., Teizer J., Semantics of model views for information exchanges using the industry foundation 
class schema, “Advanced Engineering Informatics”, 2012, vol. 26, DOI: 10.1016/j.aei.2012.01.005

Volk R., Stengel J., Schultmann F., Building Information Modeling (BIM) for existing buildings – Literature review and future 
needs, “Automation in Construction”, 2014, vol. 38, DOI: 10.1016/j.autcon.2013.10.023

Wrzosek M., BIM Execution Plan dla projektu przebudowy zespołu budynków przy Al. Prymasa Tysiąclecia 48A w Warszawie, 
Warszawa, April 2022, in the SAMI Architekci archive

Xiong X., Adan A., Akinci B., Huber D., Automatic creation of semantically rich 3D building models from laser scanner data, 
“Automation in Construction”, 2013, vol. 31, DOI: 10.1016/j.autcon.2012.10.006


