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Vorwort des Herausgebers 

Die Reihe von Karlsruher Schriften zur Bau-, Wohnungs- und Immobilien-

wirtschaft wird vom ehemaligen Fachgebiet Immobilienwirtschaft an der wirt-

schaftswissenschaftlichen Fakultät des Karlsruher Instituts für Technologie 

(KIT) herausgegeben.  

Die Schriftenreihe versteht sich als ein Medium zur Vorstellung von Ergeb-

nissen der wissenschaftlichen Auseinandersetzung u.a. mit Fragen der Pla-

nung, Errichtung und Bewirtschaftung von Gebäuden, der Bewertung, Finan-

zierung und Versicherung von Immobilien, der dynamischen Entwicklung von 

Gebäudebeständen oder von Trends im Bedürfnisfeld Bauen und Wohnen. 

Durch die Beiträge soll die Weiterentwicklung von Grundlagen und Ansätzen 

u.a. der Integralen Planung, der Lebenszyklusanalyse, der Investitions- und 

Wirtschaftlichkeitsrechnung sowie der Umsetzung von Prinzipien einer nach-

haltigen Entwicklung in der Bau- und Immobilienwirtschaft unterstützt und 

befördert werden. 

Mit dem Band 12 wird die am Lehrstuhl Ökonomie und Ökologie des Woh-

nungsbaus betreute Dissertationsschrift von Herrn Matthias Buchholz zum 

Thema „Information Management in the Building Life Cycle – The Emerging 

Role of Digital Building Passports“ vorgestellt. 

Die Arbeit verortet sich thematisch im Bereich des gebäudebezogenen Infor-

mationsmanagements und gliedert sich damit in das langjährige Forschungs-

profil des Lehrstuhls ein. Erstellung, Pflege, Austausch und Interpretation von 

Gebäudedaten sowohl entlang der Wertschöpfungskette als auch über den Le-

benszyklus hinweg sind seit jeher integraler Bestandteil immobilienwirt-

schaftlicher Aufgaben. Bis heute stellen die damit verbundenen Anforderun-

gen die Akteure des Immobilienwirtschaft weiterhin vor erhebliche 

Herausforderungen. Ansätze zur Entwicklung und Einführung geeigneter 

Hilfsmittel und Austauschformate für die Unterstützung des Informationsma-

nagements bei Immobilien, die nicht nur in Deutschland seit Jahrzehnten dis-

kutiert werden, blieben bisher ohne Wirkung und konnten sich nicht dauerhaft 
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etablieren. Dennoch kann an Vorarbeiten angeknüpft werden, darunter Über-

legungen zu Hausakten und Gebäudepässen. 

Das Instrument eines Gebäudepasses wurde bereits in seiner ursprünglichen 

Konzeption als lebenszyklusbegleitende Datensammlung mit der Erwartung 

verbunden, Vorhalten, Austausch und Aktualisierung gebäudebezogener In-

formationen sowohl zu ermöglichen als auch zu unterstützen. Getrieben durch 

die Erfordernisse und Möglichkeiten der Digitalisierung sowie die Anforde-

rungen an ein nachhaltiges Planen, Bauen und Betreiben von Gebäuden steigt 

aktuell das Interesse an Gebäudepässen und vergleichbaren Instrumenten. 

Die hier vorliegende Promotionsschrift von Herrn Buchholz greift die Thema-

tik der Grundlagen für ein Informationsmanagement bei Gebäuden in Kombi-

nation mit der Weiterentwicklung des Gebäudepasses auf. Die Arbeit hebt sich 

in ihrer umfassenden und systematischen Herangehensweise von früheren 

Veröffentlichungen deutlich ab. Ausgangspunkt ist die Analyse der Informa-

tionsbedürfnisse involvierter Akteursgruppen im Immobilienlebenszyklus. 

Hieraus werden Anforderungen an Instrumente abgeleitet. Vorgestellt wird 

eine Systematik, mit der Charakter und Ausprägungen entsprechender An-

sätze beschrieben werden können. Gleichzeitig werden die gegenwärtigen und 

zukünftigen Potenziale der Digitalisierung konzeptionell erschlossen, sodass 

neben einem klar strukturierten Anforderungsprofil ein umfassendes Gesamt-

konzept zur Funktionalität digitaler Gebäudepässe entwickelt werden konnte. 

Hierin ist der wissenschaftliche Wert und Beitrag zur Theorie und Praxis zu 

sehen. Die Ergebnisse sind in vielfältiger Weise nutzbar und besitzen insbe-

sondere für die aktuell vorangetriebene Standardisierung des Instruments Ge-

bäudepass sowie für dessen Implementierung in der Praxis einen hohen Mehr-

wert.  

Die Arbeit ist in englischer Sprache verfasst und wird unter anderem eine 

wichtige Grundlage für die im Jahr 2026 auf europäischer Ebene beginnenden 

Normungsaktivitäten zu digitalen Gebäudepässen (Digital Building Log-

books) liefern. Übrige Leserinnen und Leser wird ein in dieser Form bisher so 

nicht verfügbarer Einstieg in die Thematik geboten. 
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Weimar, im März 2026 

 

Prof. Dr.-Ing. habil. Thomas Lützkendorf 

Leiter des ehemaligen Lehrstuhls für Ökonomie und Ökologie des Wohnungs-

baus 
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Preface second edition 

This publication represents the second edition of my doctoral thesis, written 

between 2021 and 2025, during which time I served primarily as a research 

associate at the former Chair of Sustainable Housing and Real Estate at the 

Karlsruhe Institute of Technology. In terms of content, this edition remains 

largely identical to the first. With its inclusion in the publication series of the 

chair, Karlsruher Schriften zur Bau-, Wohnungs- und Immobilienwirtschaft, 

the thesis is now made accessible within a broader academic and professional 

context. 

To enhance precision and comprehensibility, this edition incorporates minor 

to moderate editorial revisions. 

Chapter 2 has been slightly condensed and structurally refined in order to 

sharpen the focus on the core concepts relevant to the thesis. In particular, 

introductory sections on real estate management, information management, 

and information modeling have been streamlined. 

In chapter 3, selected subsections were reorganized and condensed to empha-

size the essential information management aspects of the analysis without 

omitting relevant findings. 

Chapter 4 was revised selectively to improve readability. The section on data 

security was condensed to concentrate on the most essential aspects in the 

context of building information systems. 

Chapter 5 remains structurally unchanged. However, individual sections were 

reformulated to strengthen terminological precision and to sharpen the re-

quirements-oriented perspective. 

Chapter 6 remains unaltered. 

Chapter 7 was revised in selected passages to clarify and sharpen the presen-

tation of the results and proposed framework, including more explicit formu-

lations of key assumptions and interdependencies within the integrated system 

architecture. 
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Chapters 8 and 9 remain unchanged. 

The appendix has been shortened, in parts substantially. While the removed 

sections provided additional background and complementary material, they 

were not essential for understanding the analytical core of the thesis. These 

contents remain available in the first edition, and relevant references continue 

to be included for further study. 

The subject of this thesis remains highly relevant to the real estate industry. 

Recent developments, including initiatives at the European Union level to ad-

vance the standardization of digital building logbooks and passports, further 

underscore the growing importance of structured building-related information 

management. At the same time, the industry faces increasing pressure to es-

tablish future-proof solutions for managing building-related data and infor-

mation flows, driven by digitization, sustainability requirements, and long-

term structural challenges. 

This thesis offers an in-depth examination of the fundamental mechanisms 

underlying building information systems and proposes a structured framework 

to address them. It is my hope that this contribution supports the ongoing dis-

course on building-related information management and provides impulses for 

both academic debate and professional practice. 

 

Karlsruhe, März 2026  Matthias Buchholz 
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1 Introduction 

This chapter introduces the topic of the thesis by first outlining current drivers 

and trends in building-related information management (section 1.1). Build-

ing on this context, observable problems are described (section 1.2) and used 

to derive the research questions in order to define the underlying research gap 

(section 1.3). The chapter concludes with an overview of the structure of the 

thesis and how the research questions are addressed throughout the subse-

quent chapters (section 1.4). 

1.1 Drivers and trends in building-related 
information management 

The real estate industry is undergoing significant change driven by mega-

trends. Defined as long-term, global, and profound developments, megatrends 

shape both the needs and behaviors of building users and the ways in which 

actors develop, construct, and operate buildings (Peyinghaus et al., 2022, p. 1). 

Due to the complexity of real estate as an asset and the variety of motives, 

needs, and tasks throughout the value chain, the industry is particularly sus-

ceptible to the effects of megatrends such as digitalization, sustainability, 

globalization, urbanization, and demographic change. 

Among these developments, digitalization plays a particularly prominent role. 

More than any other trend, it creates both pressure to adapt and new opportu-

nities for innovation. A review of articles on megatrends in the real estate in-

dustry found that digitalization was associated with the most positive expec-

tations (Plößl & Just, 2020, p. 45). Its effects can be described through three 

main levers: the digitization of data, processes, and buildings (Peyinghaus et 

al., 2022, p. 9). These aspects are closely interconnected and supported by 

emerging technologies that enable the collection, storage, sharing, and analy-

sis of building-related data, often within specialized information systems. 

These developments aim to enhance the data foundation, support decision-

making, increase transparency, and reduce risks. In addition, the digitization 
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of data and processes enables task automation, reduces complexity, and lowers 

the manual workload for involved actors. 

Prominent trends and technologies driving this development include the fol-

lowing: 

• Virtual building models: Digitally managing buildings through models, 

primarily using Building Information Modeling (BIM). 

• Real-time data collection and AI-driven analysis: Leveraging sensor 

technologies to gather data and employing Artificial Intelligence (AI) 

methods to process and analyze this information. 

• Interoperable information systems: Establishing systems to securely 

store and share building-related data across their life cycles, including 

concepts such as building passports and digital building logbooks. 

• Digital platforms and ecosystems: Enabling data sharing and joint value 

creation among actors across the building life cycle. 

At the same time, actors in the real estate industry increasingly recognize 

building-related data, in combination with technological advancements, as a 

critical resource for maintaining competitiveness and implementing more sus-

tainable practices. Such data provide the foundation for describing the past, 

present, and future states of buildings and their related processes. They cover 

economic, environmental, social, technical, and other relevant dimensions. A 

well-structured and comprehensive approach to information management 

throughout the building life cycle is expected to increase productivity through 

cost savings, higher revenues, and additional intangible benefits, ultimately 

contributing to higher-quality and more sustainable buildings (KPMG, 2021, 

p. 4). 

Key drivers behind the growing demand for building-related data include the 

following: 

• Market dynamics and competitive pressure, which lead to a need for 

more efficient and optimized building operations. 

• Increasing technization of buildings, introducing greater complexity and 

generating larger volumes of data. 
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• The rising importance of sustainability assessment and compliance, 

which requires detailed information to support decisions and meet regu-

latory and market expectations. 

• New obligations for sustainability reporting, which mandate the collec-

tion and provision of extensive sustainability-related metrics. 

• The integration of sustainability into various domains such as risk man-

agement, property valuation, financing, and marketing. 

• Increasing stakeholder demands for transparency, which lead to a broader 

range of data requests across different communication channels. 

A notable development at the intersection of information management and 

technological innovation is the emergence of information systems that facili-

tate more effective data management for individual buildings. However, these 

advancements also bring to light persistent challenges, many of which are 

rooted in longstanding issues of building-related information management. 

These challenges will be explored in the following section. 

1.2 Problem definition 

Historically, the real estate industry has struggled with an extremely heteroge-

neous and, in many cases, insufficient data foundation. Loss, obsolescence, 

modification, or the complete absence of data has often led to significant un-

certainties about the true state of buildings and processes. This issue arises 

from various factors, with the heterogeneity and longevity of buildings and the 

diverse interests of owners and other actors throughout the life cycle being 

primary contributors. A key consequence has been the prevalence of infor-

mation problems and asymmetries between actors. Building-related data are 

often not adequately shared across the life cycle, resulting in a lack of trans-

parency, increased uncertainty, and higher costs for data collection (Rohde et 

al., 2011, p. 14). Consequently, the full potential for transforming the building 

stock into a more sustainable resource remains largely untapped. 

Despite broader megatrends, the real estate industry continues to face signifi-

cant challenges in information management. Digitalization and the growing 

demand for sustainability have led to new approaches, but these frequently 

emerge as fragmented responses to specific problems. Solutions are often 
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developed in parallel by different actors, leading to a “take-one-at-a-time” ap-

proach, in which innovations are introduced independently without unlocking 

their full potential through integration (Sawhney & Odeh, 2020, p. 46). This 

fragmented mindset has contributed to what scholars have described as "is-

lands of automation", disconnected, department- or project-specific solutions 

that lack interoperability and hinder systemic digital transformation (Borr-

mann, Beetz, et al., 2018, p. 82). As a result, even innovative efforts often fail 

to create broader synergies or long-term value. 

Unlike in other industries and academic domains, where the potential of digi-

talization is often celebrated, not all actors in the real estate industry view this 

development positively. Hesitation often stems from negative biases and past 

experiences with new technologies. This skepticism extends beyond tools and 

aids to the very design, construction, and operation of buildings. In the context 

of sustainability goals and cost-related factors, low-tech solutions have re-

gained popularity, prompting discussions about the extent to which techniza-

tion is genuinely helpful and beneficial. These considerations often go beyond 

the theoretical advantages of specific solutions, focusing instead on their prac-

tical feasibility for different actors within the industry (T. Auer et al., 2024, 

pp. 4–5). 

Information systems face similar challenges. Professional real estate compa-

nies, for instance, have vastly different requirements than private homeown-

ers, meaning even the most advanced tools may fail to deliver value if not 

appropriately implemented. While this diversity might suggest the need for 

actor-specific decision support, many actors still share common challenges re-

lated to data access, quality, and integration. These shared needs are rooted in 

the nature of buildings themselves, which, despite their unique characteristics, 

often follow similar principles across cases. 

One approach to improving the data foundation and enhancing transparency 

is to aggregate and make building-related data available collectively in a single 

location. This concept underpins tools such as building passports, digital 

building logbooks, and housing files. Although these tools have been dis-

cussed for decades, they are now experiencing a resurgence in interest due to 

advances in digitalization and heightened requirements for information man-

agement. Pivotal initiatives, such as those by the European Commission 
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(2020) and the Global Alliance for Buildings and Construction (GABC) 

(Hartenberger et al., 2021), have already proposed how a new generation of 

these tools could function. 

However, several challenges hinder the broader adoption of such concepts. A 

major issue is the lack of consensus and clarity regarding their functionality, 

partly due to the absence of a standardized terminology. Different terms, such 

as "building passports" and "digital building logbooks," are sometimes used 

interchangeably to refer to the same concept, while similar terms, such as 

"building resource passport," may refer to tools with entirely different func-

tions. This lack of standardization has contributed to the limited adoption of 

these tools. Other challenges include unclear data governance, high implemen-

tation costs, insufficient data quality, inconsistencies regarding scope and pur-

pose, and a lack of interoperability with other tools (Carbonari et al., 2020, 

p. 16; Dourlens-Quaranta et al., 2020, p. 9; European Commission [EC], 2023, 

pp. 27–29). 

Efforts to enhance transparency in the real estate industry often falter due to 

dynamically evolving framework conditions. Novel approaches to life cycle 

management of building-related data offer promising solutions. However, the 

growing volume of relevant data, driven by stricter climate and environmental 

protection requirements, new technical possibilities, and diverse economic in-

terests, underscores the complexity of developing universally applicable ap-

proaches. To date, no widely adopted solutions have fully met the require-

ments for a sustainable, comprehensive concept that balances the interests and 

use cases of all actors. 

1.3 Research questions 

The problems identified reveal several substantial questions that will be posed 

in a structured order to clearly specify the research gap this thesis is going to 

address.  

(1) What requirements must a system meet to function as a Life Cycle 

Building Information System (LC-BIS), considering building-related 

data needs, information management challenges, and digital solutions? 
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a. What are the key categories of building-related data, and which 

data points are frequently required throughout the building life 

cycle? 

b. What are the main challenges in information management that 

hinder the fulfillment of data needs in the real estate industry, and 

how can LC-BISs address these challenges? 

c. How can digitization and automation based on information and 

communication technologies (ICT) support LC-BIS functions, 

and what specific requirements can be derived for their imple-

mentation? 

Answering this question establishes a fundamental understanding of infor-

mation management across the building life cycle. It connects task-oriented 

data needs with solution-oriented ICT capabilities by identifying key chal-

lenges and deriving requirements for a LC-BIS. This analysis serves as a con-

ceptual bridge, integrating real-world information demands with digital solu-

tions to define a comprehensive requirement profile. 

(2) Which types of Building Information Systems (BISs) play a role in 

managing building-related information in theory and practice, and to 

what extent do they fulfill the requirements of a LC-BIS? 

a. What are the primary use cases and functional scopes of existing 

BISs? 

b. To what extent do these BISs cover the building life cycle, fulfill 

data needs, and meet the functional requirements of a LC-BIS? 

What are their key limitations? 

Building on the first question, this research step examines existing BISs to 

assess their ability to meet LC-BIS requirements. The analysis reveals 

strengths, limitations, and gaps, providing a critical perspective on how well 

current systems support life cycle information management. This evaluation 

helps position LC-BISs within the broader ecosystem of building-related in-

formation systems, highlighting the need for further development or integra-

tion. 
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(3) How can a common framework be designed to meet the information 

management requirements of LC-BISs, and how can it support their 

practical development and implementation? 

a. Which core elements should a LC-BIS framework include to 

meet essential requirements? 

b. How should these core elements interact internally and externally 

to ensure effective system functionality? 

c. How can the framework facilitate the development, adoption, and 

practical implementation of LC-BISs? What are the key poten-

tials, challenges, and strategies for success? 

This question frames the overall proposals and results of the thesis by synthe-

sizing insights from the previous analyses. It defines how a LC-BIS should be 

structured and implemented, ensuring that it meets information management 

requirements effectively. By establishing a common framework, this step pro-

vides a structured foundation for guiding the development, adoption, and real-

world application of LC-BISs. Additionally, it addresses key challenges and 

strategies to facilitate implementation, ensuring the framework is both com-

prehensive and actionable. 

By answering these questions, the aim is pursued to address a specific research 

gap within this thesis: Overcoming the insufficiencies of existing approaches 

to specify the functionality of a life cycle building information system and, 

even more important, lay the groundwork for its future success by systemati-

cally analyzing the needs of information management and pairing that with 

the potentials of digitalization. Since the topic has lots of different influences 

in a dynamically changing field, one aim of the thesis is to consolidate the 

existing knowledge. This requires the evaluation of key fundamentals of build-

ing-related information management which have not been dealt with in other 

works so far. 

The outcomes of this thesis are addressed at several actor groups including: 

• Researchers: The thesis is addressing a relevant gap in research in the 

context of the built environment. The aim is to provide a good foundation 

for other researchers who deal with the topic or specific aspects of it. 
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• Practitioners: Several outcomes of this thesis are to benefit practitioners 

from the real estate industry including initiators of life cycle building in-

formation systems and users. Based on the projected broad functionality 

of such a system, this will include building owners, real estate managers, 

and all kinds of other stakeholders throughout the building life cycle 

• Regulators: Based on the severe interest of the public sector, this thesis 

can provide substantial insight for this group of actors by specifying the 

functionality of such a system. This lays the groundwork for the public 

sector to define its role in the fostering and implementing of such systems 

and whether they can serve as policy instruments in the future. 

By addressing these actor groups this thesis shows relevance across theory and 

practice. 

1.4 Approach and structure 

This thesis is structured into four main parts: 

• Part I encompasses the introduction and foundational concepts. 

• Part II represents the core analytical section of the thesis. 

• Part III includes the results and proposals derived from the analysis, as 

well as discussions of the ideas presented and the conclusion. 

• Part IV contains appendices that support the comprehension of the main 

content by providing contextual information, documentation of analyses, 

and additional fundamentals on specific topics. 

Following this introduction in chapter 1, chapter 2 provides a concise over-

view of relevant foundational concepts, drawing on pertinent literature. Topics 

are addressed systematically to clarify key terms, definitions, and concepts. 

This chapter covers real estate management basics, sustainability matters, fun-

damentals of information management grounded in business informatics, tar-

geted aspects of information modeling, and a review of the current state of 

knowledge on information systems for real estate management. 

Part II begins with chapter 3, which offers an in-depth analysis of information 

management aspects in the real estate industry. This chapter focuses on the 

building-related data needs of actors and tasks in real estate management and 
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examines the practical challenges hindering data availability and sharing. A 

crucial intermediary result covers a taxonomy of building-related data needs. 

Chapter 4 investigates the potential of ICTs for building-related information 

management, particularly within the context of BISs. The analysis addresses 

key processes and aspects of information management comprehensively. 

The findings from chapters 3 and 4, alongside the foundational concepts in-

troduced in chapter 2, form the basis for chapter 5, which specifies a require-

ment profile for LC-BISs. This requirement profile is then used to systemati-

cally review existing BISs in the real estate industry, evaluating the extent to 

which current systems meet these requirements in chapter 6. The analysis in-

corporates a systematic review of the literature. 

Part III begins with chapter 7, which proposes an information system archi-

tecture (ISA) that defines the main elements of a digital building passport 

(DBP) functioning as a LC-BIS. This chapter conceptualizes the overall func-

tionality of such a system holistically, partly utilizing modeling approaches. 

Chapter 8 explores the feasibility and implementation possibilities of DBPs, 

building on the conceptual proposals presented in chapter 7 and supported by 

expert interviews. It examines potential barriers and challenges and offers 

practical implementation recommendations tailored to the thesis's target audi-

ence. Finally, the thesis concludes with chapter 9. 

Part IV, the appendix, follows the structure of the thesis chapters and is orga-

nized into sections labeled A, B, C, etc. It provides supplementary information 

that, while not essential for maintaining the logical flow of the main text, re-

mains relevant to the overall topic. These materials support the aim of estab-

lishing a solid foundation for future developments in the field. References 

within the text are formatted as “section A.1,” for example. 

The detailed structure of the thesis is illustrated in Figure 1.1. 
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Figure 1.1: Outline of the thesis 

1. Introduction

Part I 

–

BASICS
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3. Information management throughout the building life cycle

Part II
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ANALYSIS

4. Technologies for managing building-related data

5. Development of a requirement profile for a life cycle

building information system

6. Analysis of existing building information systems

7. Proposal of digital building passports as life cycle building 

information systems

8. Implementation and feasibility

9. Conclusion and outlook

Part III

-

RESULTS

Providing the foundation for the topics dealt with

Analysis building-related data needs and information management problems

in the real estate industry

Analysis of the potentials of different technologies for building-

related information management

…including requirements on functions, data, and technology

…against the requirement profile to test the

suitability of existing approaches

Information system architecture as conceptual framework

Validating the conceptual framework and providing actionable

advice on how to implement digital building passports
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2 Basics 

Chapter 2 provides the foundational knowledge essential for understanding 

the topics and explanations presented throughout this thesis. The interdisci-

plinary nature of the research is reflected in the following sections. First, key 

terms and concepts from the real estate industry are introduced to clarify the 

tasks and objects of focus within the research discipline (section 2.1). In sec-

tion 2.2, basics of information management are introduced which includes se-

lected insights from business informatics. In addition, basics of information 

modeling are described (section 2.3), before a brief overview of the current 

state of knowledge on information systems for real estate management is given 

(section 2.4). 

 

Figure 2.1: Structure of chapter 2 

2.1 Real estate management 

The fundamentals of real estate management form the background for the ex-

amination of more specific issues in this thesis. Thus, main perspectives on 

real estate are introduced (section 2.1.1). The consideration of the entire life 

cycle of a building, divided into characteristic phases, forms an important ba-

sis for many current questions in theory and practice. Therefore, the relevant 

basics are explained in section 2.1.2. Furthermore, the tasks, which come into 

play in the various processes of managing buildings throughout their life cycle 

(section 2.1.3), are of particular importance for the rest of this thesis. 
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management
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2.3 Information 

modeling
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2.1.1 Perspectives on real estate 

This thesis builds on the common understanding of real estate as a multidi-

mensional object. Real estate includes not only a physical, but also economic 

and legal dimensions (Bone-Winkel, Focke, & Schulte, 2016, p. 5). Addition-

ally, real estate can be defined as an artificially delimited space extended by a 

temporal dimension (Rottke, 2017a, p. 142). The physical dimension is per-

haps the most intuitive definition of real estate. It refers to the tangible exist-

ence and material attributes of a property, commonly referred to as construc-

tion work or building. A building is defined as a usually enclosed structure 

primarily serving as a protective device for its users and contents (DIN EN 

15978:2024-05, p. 11). From this point forward, the term "building" will be 

predominantly used for simplicity, while "real estate" will be employed where 

necessary to emphasize the inclusion of the underlying land. 

One aspect explored extensively in the literature is the unique characteristics 

of real estate. In the context of this thesis, attributes such as location depend-

ency, heterogeneity, and high capital intensity implicitly serve as constraints 

and points of reference. Comprehensive lists and explanations of these char-

acteristics are available in the literature, such as in Rottke (2017c, pp. 41–47) 

or in Bone-Winkel, Focke, and Schulte (2016, pp. 15–20). 

The real estate industry comprises a variety of actors, each playing a signifi-

cant role in shaping decision-making processes related to real estate. Actors 

can be characterized based on their perspective on real estate. Three primary 

perspectives dominate in theory and practice (Kämpf-Dern & Pfnür, 2009, 

pp. 16–18; Pfnür, 2011, p. 24): 

• Return-oriented perspective (owner perspective): Reflects the interests of 

property owners and related service providers, emphasizing financial ob-

jectives and property-related value orientation. The goal is to maximize 

the capital invested in a property. 

• Performance perspective (technological perspective): Concentrates on 

actors involved in the production and service processes during a build-

ing's life cycle, viewing the building as the subject or result of planning, 

construction, and operation. 
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• Use-oriented perspective: Focuses on actors who use real estate as a 

means of operation or a production factor. 

In practice, different actors do not necessarily take in only one perspective. A 

listed housing company for example primarily follows motives from the re-

turn-oriented perspective, but takes in a performance perspective when devel-

oping and constructing new buildings and a use-oriented perspective for its 

office buildings.  

A straightforward yet effective method to categorize actors is to use their pri-

mary perspective on real estate combined with their main role (Table 2.1).  

Table 2.1: Classification of actors in the real estate industry based on their main perspective 

and role 

Performance perspec-

tive 

Return-oriented per-

spective 

Use-oriented perspec-

tive 

Building product ma-

nufacturers 

Building owners (land-

lords and owner-occu-

piers) 

Organizations as ten-

ants 

Project developers Portfolio managers Private individuals as 

tenants 

Project managers Asset managers  

Planers Property managers  

Construction compa-

nies 

Facility managers  

Craftsmen Building managers  

Energy consultants Financiers, banks  

Building experts and 

surveyors 

Insurances  

Auditors and certifiers   

Utility companies   

Waste management 

companies 

  

Facility services   
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In some cases, the perspectives and roles of actors are merged to create a 

unique perspective based on several motives. This is the case for the public 

sector, which does not only act as builder, owner, and user of real estate, but 

above that as regulative authority.  

2.1.2 The life cycle of buildings 

Life cycle considerations are crucial for buildings due to their longevity and 

complexity. In standardization, the life cycle of a building is defined as all 

successive and interconnected stages of its existence (DIN EN 15643:2021-

12, p. 17). It is divided into four primary stages: manufacturing, construction, 

use, and end-of-life (DIN EN 15804:2020-03, pp. 20–22; DIN EN 

15978:2024-05, p. 30) These stages can be further subdivided into more spe-

cific phases or task areas (Figure 2.2).  

 

Figure 2.2: Builing life cycle definition in the context of sustainability assessments (DIN EN 

15978:2024-05, p. 28) 

The approach presented for defining the life cycle in standardization focuses 

on the physical dimension of a building by considering its current condition. 

This results in typical life cycle stages that reflect, through their designations, 

the predominant processes of the construction and real estate industry at each 

stage. For example, the construction stage refers both to the building’s current 

state ("under construction") and to the process of construction itself. 
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Practitioners in the real estate industry are generally less familiar with stand-

ardized definitions of the building life cycle. Instead, they view it through the 

lens of the tasks they perform. Rather than focusing on the building's state at 

different stages, they consider time-phased task areas. The building life cycle 

typically begins with project development, followed by planning and con-

struction, including project management. During the use stage, the emphasis 

shifts to operations rather than actual usage. Finally, the end-of-life stage is 

characterized by a process of building exploitation, differing from the end-of-

use defined in the physical life cycle. 

There are proposals to integrate both life cycle perspectives into a unified ap-

proach, resulting in a hybrid building life cycle that combines key task stages 

with the fundamental stages of a building's state (DIN EN 16310:2013-05, 

p. 13; Mehlis, 2005, p. 21). The integrated life cycle shown in Figure 2.3 re-

flects this approach and provides the basis for further life cycle considerations 

throughout this thesis. 

 

Figure 2.3: Integrated building life cycle 
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2.1.3 Tasks in the building life cycle 

2.1.3.1 Tasks from the return-oriented perspective 

Tasks from the return-oriented perspective can best be described using differ-

ent levels of real estate management. These levels differ in their primary focus 

(normative, strategic, or operational) and scope. 

At the investment management level, also referred to as corporate level, the 

focus is normative and strategic, encompassing tasks related to business ad-

ministration, business segments, and building stock (Figure 2.4). Responsibil-

ities include developing real estate management strategies that align with cor-

porate goals and guiding investment decisions. This level often integrates 

traditional business management functions, such as accounting, corporate 

governance, and sustainability reporting, with real estate management objec-

tives (Kämpf-Dern, 2009, pp. 6–7). 

The portfolio management level focuses strategically on the building stock as 

a whole. It involves the systematic development and management of the port-

folio in accordance with corporate strategies and predefined specifications 

(Kämpf-Dern, 2009, p. 8). 

The building level, comprising asset management, property management, and 

facility management, operates at both strategic and operational levels. 

• Asset management focuses on individual buildings, identifying value en-

hancement opportunities and formulating strategies aligned with investor 

goals. 

• Property management implements these strategies with a focus on tenant 

relations, cost management, and achieving return-oriented outcomes. 

• Facility management emphasizes the operational aspects of maintaining 

and optimizing building functionality and efficiency (Kämpf-Dern, 2009, 

pp. 9–15). 

The tasks on the building level are closely connected with each other, espe-

cially in practice (Pelzeter & Trübestein, 2016, p. 289). A holistic real estate 

management approach requires close cooperation across all levels: upper lev-

els define requirements for lower ones, while lower levels report relevant 



2.1  Real estate management 

19 

building-related data and information upward. This interdependence high-

lights the critical role of information management. Kämpf-Dern (2009, pp. 6–

13) outlines these levels and their tasks, emphasizing the importance of col-

laboration to ensure effective management. Figure 2.4 provides a visual rep-

resentation of the hierarchy and interactions across these levels. 

 

Figure 2.4: Levels of real estate management based on Teichmann (2009, p. 58) 

In addition to tasks that can be clearly assigned to specific management dis-

ciplines within real estate management, certain task areas have emerged that 

are relevant across multiple stages of the building life cycle (Table 2.2). 
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Table 2.2: Cross-functional tasks in the building life cycle based on (Feldmann et al., 2016; 

Leopoldsberger et al., 2016; Rock & Hennig, 2016; Rottke, 2017b; Schulte et al., 

2016) 

Task 

area 

Specification 

Building 

analysis  

…basically includes all types of economic, environmental, so-

cial, technical, legal or other analyses mostly with the goal to 

determine the advantageousness of an action alternative with re-

gard to the actor-specific goals and framework conditions. 

Property 

valua-

tion 

…includes several approaches and methods to determine the 

economic value of a property which is of interest at numerous 

occasions in the building life cycle, such as project development 

calculations, transactions, financing, insuring, portfolio anal-

yses, accounting, tax purposes, or legal cases. 

Financ-

ing 

…task of finding suitable solutions for the financing of real es-

tate investments, major construction works or building-related 

services. 

Invest-

ments 

…includes all tasks that are related of determining real estate as 

an investment vehicle.  

Risk 

manage-

ment 

…an integrative task of many other tasks, such as portfolio 

management, while also interpretable as an overarching task 

area to deal with risks and uncertainties. Typically connected to 

cost-benefit analyses, property valuations, financing and credit 

checks, construction realizations, or insuring. 

Market-

ing 

…all systematic and targeted activities designed to promote and 

facilitate the sale, rental, or provision of real estate and related 

services. 

 

These cross-functional tasks play a crucial role throughout the building life 

cycle, supporting decision-making and enabling actors to address key eco-

nomic, technical, and strategic challenges. 

2.1.3.2 Tasks from the performance perspective 

Actors within the performance perspective engage in planning, construction, 

and operation across the building life cycle. The earliest task area is real estate 
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project development, which focuses on processes rather than the physical 

building itself. Project development can be defined narrowly, limited to initi-

ation and conception stages, or broadly, covering the entire building life cycle 

(Alda & Hirschner, 2016, p. 23). Given its process-oriented nature, project de-

velopment tasks may commence at different points in the life cycle, depending 

on whether it involves new construction or deconstruction (Alda & Hirschner, 

2016, p. 27).  

The construction stage follows production and involves project management, 

which ensures proper project execution. The boundaries between project de-

velopment and project management are fluid. Generally, all necessary prepa-

rations must occur during project initiation and conception, with some defini-

tions including a project concretization stage before realization (Bone-Winkel, 

Isenhöfer, et al., 2016, p. 206). Project management formally includes the 

tasks, organization, techniques, and resources required for initiation, planning, 

execution, and completion (DIN 69901-5:2009-01, p. 14). In Germany, the 

construction project management framework is detailed in AHO booklet 9 

(Ausschuss der Verbände und Kammern der Ingenieure und Architekten für 

die Honorarordnung [AHO], 2020), outlining specific performance profiles 

across preparation, planning, execution, and completion stages. 

Design is a key component of project management but is also an independent 

discipline with significant influence on economic, environmental, and social 

performance. It typically involves designing a building’s structural, func-

tional, and service-related elements, requiring close collaboration among ex-

perts to meet investor, user, and regulatory expectations (Diederichs, 2005, 

p. 270). 

The role of facility and building management in real estate perspectives is de-

bated, but facility services clearly fall under performance-oriented tasks. 

Standardization differentiates building management as the operational aspect 

of facility management during the use stage (DIN EN ISO 41011:2019-04, 

p. 6). Facility management is a cross-life cycle discipline ensuring user-ori-

ented real estate management (Preuß & Schöne, 2016, p. 628), whereas build-

ing management focuses on technical, infrastructural, and commercial aspects 

during operation (DIN 32736:2000-08, p. 2; Hirschner et al., 2013, p. 5). 
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A critical task within the performance perspective is maintenance manage-

ment, addressing structural and component wear during the use stage. Mainte-

nance is defined as the sum of technical, administrative, and managerial 

measures to preserve or restore functionality (DIN 31051:2019-06, p. 4). (DIN 

31051:2019-06, p. 4). It includes routine maintenance, inspection, repair, and 

improvement. Beyond material wear, buildings can lose value due to outdated 

technology or shifting user demands. Modernization mitigates this by incor-

porating technological advances and evolving requirements (DIN EN 

13306:2018-02, p. 37). Terms such as renovation (restoration and renewal), 

refurbishment (comprehensive improvement), and retrofit (system upgrades, 

often for energy efficiency) describe related processes, though their definitions 

lack standardization. 

The end-of-life stage includes demolition activities. However, circular econ-

omy principles are driving greater emphasis on controlled deconstruction to 

enable material reuse. Deconstruction or demolition may result from reaching 

the building’s technical or economic service life. Alternative pathways include 

vacancy, conversion, or refurbishment, leading to repeated use stages (Gon-

dring, 2013, pp. 37–38). Despite these possibilities, technical and economic 

constraints generally limit the number of viable use cycles. 

2.1.3.3 Tasks from the use-oriented perspective 

Pfnür (2011, p. 26) defines Corporate Real Estate Management (CREM) as 

the core organizational concept that constitutes the use-oriented perspective 

on buildings. CREM in the narrow sense deals with the management of build-

ings in their role as production factor. In the broader sense, CREM also takes 

in the return-oriented and the performance perspective on buildings (Pfnür, 

2011, p. 26). This makes sense, since especially when building users are 

owner-occupiers, they have an original interest in the economic viability of a 

building. Moreover, they might take on tasks from the return-oriented and the 

performance perspective that are otherwise performed by experts (Figure 2.5). 
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Figure 2.5: Overview on corporate real estate management (Glatte, 2014, p. 27) 

For other types of building users, such as non-profit organizations or private 

individuals, real estate management includes tasks that are specific to their 

motives and needs.  

2.1.3.4 Public sector tasks 

The public sector plays a unique role in the real estate industry, assuming mul-

tiple functions and integrating all major perspectives on real estate. Public in-

stitutions act as landlords, builders, building users, and operators, often being 

expected to serve as a role model in sustainable and responsible real estate 

management (Hennig et al., 2019, p. 8). For these roles, the term Public Real 

Estate Management (PREM) is used in the literature (Schäfers et al., 2016, 

p. 843). At the same time, the public sector, at federal, state, and municipal 

levels, acts as a legislator, establishing the regulatory framework that governs 

relationships between private and institutional actors. Additionally, municipal 

building authorities manage building permits and coordinate information 
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flows with building owners and other stakeholders, while the public sector 

also serves as a jurisdictional authority in legal cases. 

As a legislator, the public sector is involved in a broad range of real estate-

related activities, including: 

• Urban and spatial planning 

• Construction and permitting processes 

• Funding programes and social policy 

• Environmental and climate protection 

• Disaster management and safety 

• Taxes and finances 

• Public construction projects 

• Transport and mobility 

• Law enforcement and regulatory policy (Enseling et al., 2023, pp. 95–96; 

Krause et al., 2022, pp. 27–28; Schäfers et al., 2016, pp. 839–848) 

These responsibilities illustrate the public sector’s dual role as both a market 

participant and a regulatory authority, influencing real estate markets through 

both direct ownership and policy-making. 

2.2 Information management 

Efficient handling of building-related data requires actors in the real estate 

industry to engage with technological advancements and align their practices 

with the evolving digital landscape. At the core of these efforts lies infor-

mation management, which serves as a bridge between technological capabil-

ities and real-world applications. To fully explore the role of technology in 

real estate, it is necessary to first establish a clear understanding of the key 

concepts and principles that define information management.  

Within this section, the fundamentals of information management are system-

atically prepared, including the definition of terms and concepts (section 

2.2.1), an introduction to information systems (section 2.2.2), and a holistic 

perspective on the functionality of information management (section 2.2.3). 
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This section leverages classifications and methodologies from information 

science and business informatics, domains which has so far been barely inte-

grated with real estate management.  

2.2.1 Terms and concepts 

2.2.1.1 Data vs information 

In everyday language, distinctions between terms like data, information, news, 

and knowledge are often blurred. While there is still no universally accepted 

definition of "information" (Krcmar, 2015, p. 11), most proposed definitions 

stem from information science and, increasingly, economics. Figure 2.6 illus-

trates a widely used definition of the terms symbol, data, information, 

knowledge, and wisdom through the concept of the so-called knowledge pyr-

amid. According to this model, data are created by applying syntactic rules to 

symbols. By adding context, data can be transformed into information 

(Ackoff, 1989, pp. 3–9; Engelmann & Großmann, 2021, pp. 5–6).  

 

Figure 2.6: Knowledge pyramid  based on Ackoff (1989, pp. 3–9) and Engelmann and 

Großmann (2021, p. 6) 

Critics of the knowledge pyramid argue that the concept of information cannot 

be universally valid, as it is neither universally known nor consistently stored. 
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Information is stored differently on physical media and in human conscious-

ness, leading to varying interpretations and limitations (Frické, 2009, p. 140). 

Schütte (1998, p. 3) considers data as a specific subset of information, charac-

terized by the need for a structured understanding of the world. The distinction 

between data and information is particularly evident in their collection 

(Schütte, 1998, p. 3). Whether data constitutes information depends on the 

knowledge of the recipient (Alpar et al., 2019, p. 7).  

2.2.1.2 The value of information 

Information plays a critical role in decision-making and problem-solving by 

providing meaning to the informed party. The benefit of information depends 

on its ability to reduce the uncertainty faced by decision-makers, thereby sup-

porting their decision-making processes. In information science, this value is 

quantitatively measured using the entropy function. The value of the function 

reflects two factors: the initial uncertainty and the potential of the information 

to reduce this uncertainty (Alpar et al., 2019, pp. 8–15).  

Information is also viewed as a versatile good in the economic context, ful-

filling multiple functions. From a production economics perspective, it acts as 

a factor of production, from a decision theory perspective, it serves as a tool 

for preparing decisions, and from a strategic perspective, it provides a com-

petitive advantage. Furthermore, new institutional economics considers infor-

mation within the framework of individuals’ actions and decision-making pro-

cesses, emphasizing how it influences behavior and outcomes (Engelmann & 

Großmann, 2021, p. 4). Picot and Reichwald (1990, pp. 247–249) further 

identify four core functions of information: decision support, management, 

control, and documentation. 

Compared to tangible economic goods, information poses particular chal-

lenges in determining its economic value. These arise not only from its ab-

stract nature but also from its unique behavior in production, distribution, and 

usage. A number of defining characteristics set information apart from mate-

rial goods, such as its intangibility (Krcmar, 2015, p. 16), low reproduction 

costs (Krcmar, 2015, p. 17), or high transportability (L. J. Heinrich et al., 2011, 

p. 155). 
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Determining the value of information involves balancing its utility for prob-

lem-solving and decision-making processes against the costs of obtaining it. 

However, practical challenges arise due to the difficulty of quantifying both 

information costs and benefits and the assumption of perfect information 

availability. In organizational contexts, trust in the information source often 

replaces explicit valuation. Additionally, time and financial constraints typi-

cally limit information search activities, with acquisition ceasing when deci-

sion-makers identify sufficiently viable options for achieving acceptable out-

comes (Picot & Reichwald, 1990, pp. 259–260). 

2.2.1.3 Difference between information supply, demand and need 

In everyday language, the terms “information demand” and “information 

need” are often used interchangeably. However, there is a significant distinc-

tion between the two. Information demand refers to the actions of actors re-

questing information in any communication or data-sharing context. It is in-

herently subjective. In contrast, information need is objective and represents 

the information that actors should possess for a specific task or occasion. 

While actors in the economy strive to understand their information needs, this 

task becomes increasingly complex in today’s information society. 

In the real estate industry, the gap between information demand and infor-

mation need can be particularly pronounced due to the unique characteristics 

of real estate. Picot and Reichwald (1990, p. 276) provide a detailed frame-

work, distinguishing between objective information need, subjective infor-

mation need, information demand, and information supply (Figure 2.7). The 

intersection of these elements defines the “information stand” of actors, high-

lighting the alignment, or misalignment, between the information they seek, 

require, and possess. 
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Figure 2.7: Information need and information supply based on Picot and Reichwald (1990, 

p. 276) 
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When data are transmitted, they become a message, and the reciprocal ex-

change of messages constitutes communication (Alpar et al., 2019, p. 7). 

There are different forms of communication depending on the spatial and tem-

poral distribution of communication participants. According to this, commu-

nication can be either collocated or remote as well as synchronous or asyn-

chronous (Figure 2.8). Ongoing digitization has increased the possibilities of 

remote communication. 
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Figure 2.8: Time-space matrix of communication forms (Borrmann, König, et al., 2018a, 

p. 261) 
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Figure 2.9: Comparison of data exchange and data sharing based on Borrmann, König, et al. 

(2018a, p. 261) 

Communication processes vary significantly depending on factors such as 

their existence, type, and depth. Often, a communication process is initiated 

by the information demander, creating a pull effect. Conversely, when the in-

formation supplier initiates the communication, it generates a push effect. Sig-

naling occurs when the sender deliberately communicates a particular state, 

ability, or quality, adding another dimension to the sender-receiver model (Pi-

cot et al., 2020, p. 27). 

2.2.2 Information systems 

2.2.2.1 Definition 

Information systems link data and information and give them a context. The 

majority of definitions for information systems from the literature overlap in 

the following characteristics . Information Systems... 

• ... are socio-technical systems, i.e. they consist of machine and human 

elements. 

• ...are artificially separated from their environment. 

• ...consist of interrelated components that collect, structure, process, store, 

disseminate, transform, and make usable data, information, and 

knowledge. 

• ...aim to support processes for decision-making, coordination, control, 

analysis, visualization, and automation of value-added processes in com-

panies by providing their users with information (Alpar et al., 2019, 

p. 25; Gabriel, 2016; Laudon & Laudon, 2014, p. 612). 
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Furthermore, information systems are considered open systems, which means 

that they are connected to their environment and have corresponding inter-

faces. They are characterized by their complexity, which stems from the large 

number of elements. They also have a dynamic character: Elements can 

change their characteristics over time through interaction (Krcmar, 2015, 

p. 23). 

In the information management literature, information systems are described 

in a business context and in a narrower sense as application systems. Applica-

tion systems refer to all non-human elements of an information system (Alpar 

et al., 2019, p. 25). Against this background, some distinguishing features be-

tween different information or application systems can be formulated. For ex-

ample, there are both company-based and inter-company systems, as well as 

sector-specific and cross-sector systems. In companies themselves, function-

related information systems perform specific tasks, while company-wide sys-

tems are intended to reflect the information structure of an entire company. In 

terms of technical implementation, a distinction can be made between the use 

of standard and customized software (Alpar et al., 2019, p. 31; Krcmar, 2015, 

p. 23). Operational systems usually focus on a shorter period of time and, in 

contrast to strategic systems, are used for individual business functions (Glu-

chowski et al., 2008, p. 5).  

Based on their main purpose in business activities, different categories of in-

formation systems can be identified. Table 2.3 lists typical categories from the 

literature. In practice, the distinction between the functions is not always clear, 

so that mixed forms are likely (Alpar et al., 2019, p. 29). 
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Table 2.3: Types of information systems based on (Alpar et al., 2019, pp. 28–43; Glu-

chowski et al., 2008, pp. 6–8; Mertens, 2013, pp. 27–29) 

Type Examples Function 

Transaction systems (systems 

of record) 

 

Administration 

systems 

Processing large vol-

umes of data 

Disposition 

systems 

Executing dispositive 

tasks 

Management support systems 

(systems of insight) 

 

Planning sys-

tems 

Supporting strategic de-

cisions 

Control sys-

tems 

Monitoring objectives 

Reporting sys-

tems 

Automated reporting 

Analysis sys-

tems 

Supporting data analysis 

Interactive systems (systems 

of engagement) 

Platforms Enabling interaction and 

collaboration 

 

2.2.2.2 Architecture 

Information system architectures (ISAs) serve to structure and organize the 

main elements of an information system. A recognized definition of the term 

ISA is: "Architecture is that set of design artifacts, or descriptive representa-

tions, that are relevant for describing an object such that it can be produced to 

requirements (quality) as well as maintained over the period of its useful life 

(change)" (Zachman, 1997, p. 5).  

The approach to creating an ISA pursues the goal of creating a holistic over-

view at the interface between information-economic use and existing techno-

logical options for action. The architecture of an information system can also 

be understood as a construction plan, following the discipline of the same 

name for the planning of buildings (Baars & Kemper, 2021, p. 21).  

There are several proposals in the literature on how to design a holistic ISA 

including the one from Krcmar (1990, p. 399) and the one from Scheer (1991). 

In his model, August-Wilhelm Scheer defines four interdependent elements 
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for structuring integrated information systems: organisation, control, data, and 

functions. Within each of these elements, there is a three-part hierarchy that 

illustrates the connections between conceptual modeling and technical imple-

mentation (Figure 2.10). This aspect is related to the concept of a three-schema 

architecture for information system and database design (ANSI-SPARC archi-

tecture) (Hansen et al., 2019, p. 467). The individual elements in information 

systems can form sub-architectures and comprise a data structure for example 

(Zachman, 1997, p. 4). According to Scheer (1991, p. 20), concrete applica-

tions of the individual areas of the architecture system are stored in a reposi-

tory, which is essentially interpreted as a database. 

 

Figure 2.10: Architecture of integrated information systems (ARIS) (Scheer, 1998, p. 18) 

The concept of ISAs as laid out in this section will be applied later in this 

thesis. 

2.2.2.3 Information and communication technology 

In business informatics, alongside the integrated consideration of economic 

and information science questions, there is a significant interface for exploring 

technical aspects (Mertens et al., 2017, p. 5). Information systems are some-

times also defined as “information and communication systems”. For this 
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reason, Krcmar (2015, p. 24) uses the term "information and communication 

technology" (ICT) for the underlying technology. ICT "is the totality of [tech-

nical] resources available for storage, processing, and communication, as well 

as the way in which these resources are organized" (Krcmar, 2015, p. 24). The 

frequently used abbreviation "IT" stands for "Information Technology". This 

has also become widespread in German-speaking countries and is used rela-

tively widely for topics related to information processing. In the following, the 

abbreviation “ICT” is used to describe technical components and services in 

information systems for more precise specification. 

The technical foundation of information systems is constituted by infrastruc-

ture. The technical side can be divided into hardware, software, and structural 

facilities that contain hardware components, among others. Basic technology 

refers to fundamental forms of ICT for implementing a technical infrastructure 

(Krcmar, 2015, p. 24).  

2.2.3 Holistic information management 

So far, the characteristic features and components of information systems have 

been explained. It becomes evident that designing, developing, and managing 

information systems involves numerous cross-disciplinary and specific tasks 

for both users and creators. Krcmar (2015, p. 107) organizes these tasks in his 

“life cycle model of  information management” by formulating four core areas 

of information management: The model includes, on the one hand, a structure 

of three levels, which are divided according to their proximity to technology, 

and, on the other hand, a component with accruing management tasks. The 

boundaries of the areas are defined as follows: 

• Management of the information life cycle (level 1): refers to the manage-

ment of the supply, demand, and use of information 

• Management of information systems (level 2): refers to the design and 

application of information systems in a narrower sense, including the or-

ganization of data and processes 

• Management of ICT (level 3): refers to the organization of technical re-

sources and, in particular, the ICT infrastructure, including its functions 
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• Management tasks: refer to cross-level management tasks in the sense of 

business management, such as tasks in the areas of strategy, human re-

sources or controlling (Krcmar, 2015, pp. 107–108).  

These task areas can be placed in a functional relation (Figure 2.11). 

 

Figure 2.11: Life cycle model of information management based on Krcmar (2015, p. 119) 

Particular challenges in information life cycle management exist in the deter-

mination of demand, need, and supply of information as well as in ensuring 

information quality.  

2.3 Information modeling 

The development, use, and analysis of information systems is significantly 

supported by models. Models of information systems and their elements allow 
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the actors involved to receive a simplified, abstract representation of a real-

world entity. Since models and the process of modeling will play an important 

role in this thesis, this section introduces approaches to the modeling of infor-

mation systems (section 2.3.1), data (section 2.3.2), processes (section 2.3.3), 

and business implementations (section 2.3.4). 

2.3.1 Information system modeling 

Information system modeling refers to the modeling of the overall structure or 

of single elements of an information system. An information system model, 

also called information model in short, is thus an explicit model with infor-

mation systems as the object of consideration (vom Brocke, 2015, p. 29). In-

formation system models have traditionally been an important aspect in infor-

mation system development and implementation due to their complex, open, 

and multi-element character. They can help in designing, understanding, ana-

lyzing, and managing an information system (Krogstie, 2012, pp. 11–12). 

Different types of information system models can be distinguished: 

• Architecture models define the system’s structure, boundaries, inputs, 

and outputs. They provide multiple perspectives and serve as a founda-

tion for system design. Sunyaev (2020, pp. 28–34) formulates nine prin-

ciples for creating and modeling ISAs (section A.2.1).  

• Time-based models represent past, present, or future states of a system 

(Hansen et al., 2019, p. 134). 

• Systemic models highlight interrelationships between systems. Since 

models and reality influence each other, findings may not always be di-

rectly transferable (Krcmar, 2015, pp. 32–33). 

• Metamodels describe how models are created. They can define the mod-

eling language (language-based metamodels) or the modeling process 

(process-based metamodels). Further meta levels can be added, forming 

a hierarchy (Krogstie, 2012, p. 101; Strahringer, 1998, pp. 3–4). 

• Reference models serve as templates for model development. Standard-

similar reference models enable cost-efficient model creation but may 

reduce company-specific competitive advantages (Becker et al., 2012, 

p. 34; Krcmar, 2015, p. 41; vom Brocke, 2015, pp. 31–32). 
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Selected types of information system models will be referenced later in this 

thesis. 

2.3.2 Data modeling 

Data are essential to information systems. Data models represent a simplified 

representation of their real-world equivalent. Data can be modeled according 

to their proximity to technical implementation. There are semantic/conceptual, 

logical, and physical approaches to data modeling. Physical models are 

strongly oriented towards the actual technical form of data, while semantic 

and logical approaches are closer to the real world (Baars & Kemper, 2021, 

p. 54). 

In times of rapid growing amounts of digital data and increased connectivity, 

semantic modeling becomes more and more relevant. The necessity for se-

mantic data models follows the inability of logical models, such as relational, 

network, and hierarchical approaches, to satisfy the need for meaningful con-

ceptual models since they are biased towards a specific database type and lim-

ited in scope (Peckham & Maryanski, 1988, p. 153). Semantic data models, 

although present since several decades, regained popularity within the last 

years because of their relevance for linked data and semantic web technology 

as well as for artificial intelligence (Alexopoulos, 2020, p. xi). 

Concepts that are frequently mentioned alongside semantic data modeling are 

taxonomies, ontologies, and data dictionaries.  

• A taxonomy provides a formalization mechanism to classify terms and 

their relations. It can be visualized in a tree structure.  

• Ontologies specify a concept in a domain by defining the relevant entities 

and their relations. They usually go beyond a taxonomy because they are 

more sophisticated in the definition of contents and entities.  

• A data dictionary is a repository that provides metadata about a data spec-

ification, such as an ontology, by defining all relevant terms and formats 

(Costin et al., 2022, pp. 11–12). 

For the formal development and representation of data models, specific mod-

eling languages are applied. Typical data modeling languages include the 
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Entitity-Relationship-Model (ERM), Unified Modeling Language (UML) 

class diagrams, and the XML schema definition (XSD) language. In the Real 

estate industry, especially in the AEC (architecture, engineering, construction) 

domain, the EXPRESS language takes in a prominante role, since it is the 

original basis for the Industry Foundation Classes (IFC) data schema (Sacks 

et al., 2018, p. 95). 

Besides, Resource Description Framework (RDF) receives increased attention 

due to its application with linked data and semantic web technology and its 

potential to enable interoperability between data formats. RDF represents in-

formation using a graph-based structure consisting of triples that link a subject 

to an object through a predicate. This basic structure is illustrated in Figure 

2.12 

 

Figure 2.12: Basic RDF triple based on (Cyganiak et al., 2014) 

Selected data modeling languages are referred to later in this thesis as required. 

2.3.3 Process modeling 

Understanding the processes that coordinate all the different entities of an in-

formation system is crucial for their successful use. In general, processes 

transform inputs to outputs by carrying out specific functions (Krcmar, 2015, 

p. 58). The literature predominantly investigates process modeling for the sake 

of business processes. The diversity of processes in a business environment 

and in other domains is infinite and heavily depends on the object of consid-

eration and the framework conditions (Gadatsch, 2020, p. 5). 

In information management, a typical distinction can be made between the life 

cycle stages of data. This involves processes of data creation, editing, and dis-

tribution, for example. The exact boundaries between a process and a function 

are not always clear, since a specific function can be an integral part of a pro-

cess, but it can also include an internal process itself. Thus, determining the 
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level of abstraction has a big influence in process modeling. For simplifica-

tion, functions can be regarded as individual building blocks that contain a 

certain task while a process combines these blocks in a sequence of actions 

(Gadatsch, 2020, p. 16; Scheer, 1998, p. 8). 

Several methods and languages exist that facilitate the modeling of processes, 

such as the business process modeling language (BPMN), enhanced event-

driven business chains (eEPCs), petri nets, and UML activity diagrams. Sev-

eral studies deal with the question of how to choose an appropriate process 

modeling language including Pereira and Silva (2016), Awadid et al. (2017), 

and Farshidi et al. (2023). Farshidi et al. (2023) found that BPMN offers the 

greatest functionality of more than 20 compared languages and that it is the 

most suitable language in several case studies based on the individual require-

ments. These results go in hand with the ones from Pereira and Silva (2016, 

p. 623), who compared several languages against a framework of quality char-

acteristics. Still, it is important to choose a modeling language carefully ac-

cording to the specific requirements. 

2.3.4 Business modeling 

Information systems are often an integral part of a commercial product or ser-

vice. These products or services are developed and implemented by organiza-

tions, also just called ‘businesses’ when originating from the private sector in 

an economy. Businesses, but also other organizations that develop, manage, 

and sell information systems, are in need of suitable business models. 

A business model is an idealized and aggregated representation of how organ-

izations create, deliver, and capture value. As part of a business strategy, its 

main function is to provide a holistic overview on the main building blocks of 

a business. It can be a helpful tool throughout the whole life cycle of a business 

innovation including its design, development, and implementation. At a very 

early stage, a business model helps actors to evaluate the potential success of 

a business idea and to consider all relevant aspects. This can benefit entrepre-

neurs as well as established organizations that look for a business model inno-

vation. A business model can help organizations in the strategic positioning of 

products/services. It also can be used for continuous evaluation and 
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improvement as well as for effective communication of a business idea (Fielt, 

2013, pp. 87–88; Shafer et al., 2005, pp. 202–204; Teece, 2010, pp. 173–186).  

There are structured approaches to business model innovation. Especially, 

startups, who are confronted with high uncertainty and turbulence in a dy-

namic market environment, rely on structured business models in their en-

deavor for future success. Within the last 20 years, several tools and frame-

works were developed for this reason. One of the most popular frameworks is 

the ‘Business Model Canvas’ (BMC), which functions as a form consisting of 

nine building blocks that business innovators can fill in (Figure 2.13). The 

strengths of the BMC lie in the compact overview, the focus on value creation 

and customers as well as the implied relationships between the building blocks 

(Gründerplattform, 2025). 

 

Figure 2.13: Visualization of the business model canvas (Strategyzer, 2025) 

The building blocks in a BMC all have their specific meaning for a business 

model. Innovators need to answer specific questions to fill in the form (section 

A.2.2). 
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2.4 Information systems for real estate 
management 

The real estate industry increasingly implements information systems for its 

use cases. These systems take in various roles with regard to the complexity 

and specificity of real estate. Lately, information systems that are directly 

linked to managing buildings throughout their life cycle are gaining popular-

ity. They can be subsumed under the group of building information systems 

(BISs). For a better understanding of BISs, an initial definition is given in sec-

tion 2.4.1. The newly gained attention of BISs is a result of several drivers, 

such as digitization, new information needs, and sustainability requirements 

(section 2.4.2). A brief overview of the associated literature is given in section 

2.4.3, reinforcing the identified research gap. 

2.4.1 Definition of building information systems 

The term “building information system” is built on the merge between a 

“building” and an “information system”. Thus, a BIS can be understood as an 

information system, specifically designed for a building as the object of con-

sideration. Based on the simple breakdown of the term, its meaning still stays 

rather unclear. This has to do with the various tasks throughout the building 

life cycle and the specific information systems that may be designed for these 

tasks. For this reason, no common understanding has yet been established. 

This also reflects in differing interpretations within the literature (Table 2.4). 
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Table 2.4: Definitions for Building Information Systems 

Source Interpretation of a BIS as a(n)… 

Magnet (1989, 

p. 76) 

inviolable, open, flexible, and automated system for 

building automation and security 

Terai and Kaneko 

(1990, p. 169) 

Advanced construction technology (ACT) system that 

sets the frame for information processing throughout 

the life cycle of buildings  

Kis Papp (1999, 

p. 31) 

system for collection, documentations, and evaluation 

of building information consisting of a data model, 

software, hardware, and systemic functions 

Lützkendorf and 

Speer (2005, 

pp. 182–194) 

Knowledge base throughout the building life cycle to 

satisfy the information needs of different actors and to 

provide a basis for the assessment of object perfor-

mance and quality 

Paul (2007, 

p. 591) 

Database for geometric information in conjunction 

with building information modeling (BIM) 

Vanlande et al. 

(2008, p. 71) 

Internet platform to merge geometric and other infor-

mation throughout the life cycle of buildings and to 

visualizing of 3D models 

Rohde et al. 

(2011, pp. 82–88) 

Dynamic collection of building-related data and docu-

ments throughout the building life cycle 

Varoudis and 

Patlakas (2014, 

p. 505) 

Distributed system based on a cloud architecture to en-

able building-related information management and to 

overcome deficiencies of BIM 

 

There is not much evidence on the use of the term “building information sys-

tem” in academics. The overall meaning stays vague. Therefore, a new defi-

nition was developed based on interpreting previous understandings and by 

considering the underlying nature of buildings and information systems: 

A building information system (BIS) is a human-machine-in-

terrelated system that supports building owners and other ac-

tors involved in managing building-related information by fa-

cilitating the collection, storage, sharing, and use of 

building-related data. 
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This definition stresses the relevance of information management and the de-

limitation to buildings. Still, it allows for a specification in different use cases. 

For this reason, a BIS can also be understood as a more general concept that 

illustrates the character of many systems and tools in place. the definition 

given is the basis for the further understanding of BISs in the thesis. 

2.4.2 Drivers for the development of building 
information systems 

The increasing popularity of BISs is a result of several drivers, such as global 

megatrends and trends of information management in the real estate industry. 

As already outlined in the introduction, these developments influence the in-

dustry in various ways. These drivers act to varying extends over the course 

of years and decades. Megatrends, such as the need for sustainability, the shift 

in social values, and the increasing level of regulation apply pressure on the 

actors of the real estate industry and lead to needs of action (Worschech & 

Lützkendorf, 2022, p. 2). Actors must react by analyzing the implications of 

megatrends on their immediate environment (Pfnür & Wagner, 2018, pp. 9–

10). BISs can be regarded as both an answer to handle the consequences of 

trends and a result of new possibilities, such as technological advancements. 

The following drivers could be identified that significantly impact the newly 

and further development of BISs (Buchholz & Lützkendorf, 2022, pp. 2–3): 

• Tradition to store building-related data and documents 

• Need for more transparency 

• Changing information needs 

• Sustainability 

• Digitization 

• Globalization 

The evolution of BISs and the systematization of building-related data is 

strongly connected with the establishment of traditions to store building-re-

lated data and documents. While architechtural plans were destroyed in the 

Middle Ages, builders and building owners started to keep these documents 

beyond the construction stage in the 19th and 20th century. This development 

was partly also a result of building regulations and the obligated handover of 



2  Basics 

44 

construction records (Knobloch, 2017). Throughout the 19th and 20th century, 

the construction industry experienced significant economic growth, techno-

logical improvements, increase in professionalism, and reduction of fragmen-

tation as historically documented for the UK (Holt, 2015, pp. 263–266). These 

developments were one of the reasons why building-related information be-

came more widely available. Innovations and new business models increas-

ingly involve information systems today, since building-related information 

has been fragmented or not available at all in traditional real estate manage-

ment practices, new forms of contracting allow for a better-organized infor-

mation exchange process, and actors follow more proactive strategies in man-

aging their building stock (Talamo & Bonanomi, 2015, p. 106). 

The real estate industry is traditionally characterized by information asymme-

tries and insufficient information overall (Lorenz & Lützkendorf, 2008). This 

leads to a lack of transparency and undesirable phenomena, such as adverse 

selection of moral hazard (section B.6). Representatives of the real estate in-

dustry try to overcome this lack of transparency by developing new ap-

proaches for information management which explicitly include the implemen-

tation of BISs. One example for this is given by the introduction of energy 

performance certificates (EPCs) in the EU. Their main function is to signal 

information about the energy performance of buildings so that buyer and seller 

have the same level of information in a property transaction. This goal of in-

creased transparency has been formally introduced in European regulation 

within the ‘Directive 93/76/EEC to limit carbon dioxide emissions by improv-

ing energy efficiency’ (SAVE, 1993, p. 28) and since then has been considered 

as an additional aim in other directives and regulations.  

As stated, the construction and real estate industry is constantly evolving un-

der the external pressure induced by megatrends on the specific actors. The 

economic pressure on market participants is one factor that is present since the 

very beginning. The need for profitable investments and the capital intensity 

of real estate both drove the establishment of various forms of developing, 

owning, and using a building. Therefore, especially actors from the return-

oriented perspective are obliged to manage their building stock effectively and 

efficiently. In this task actors experience changing information needs over 

time based on changing framework conditions and changing objectives. In 
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general, the information density for managing buildings throughout their life 

cycle increased significantly within the last decades based on new forms of 

data collection, storage, and distribution. This led, for example, to proposals 

on how to improve knowledge retention and management in construction 

firms (Schaefer, 1993, p. 187). At the same time, the introduction of infor-

mation systems for real estate portfolio management has been discussed for a 

while (Fransson & Nelson, 2000, p. 154). Barkley (2001, p. 161) specifically 

identifies the need for performance data in portfolio management, expressed 

through key performance indicators (KPIs), as a driver for information system 

development. 

The need for a more sustainable built environment is one of the most influen-

tial megatrends within the real estate industry today. The actors involved in 

the building life cycle need data about the past, present, and future state and 

performance of a building to make informed decisions (Lützkendorf & Lo-

renz, 2014, p. 6). The real estate industry tackles this challenge by developing 

BISs that are specifically designed to document, assess, and communicate the 

environmental performance of buildings. Thus, they serve to reduce the com-

plexity of adapting to requirements of sustainable development (Lorenz & 

Lützkendorf, 2008). In addition, methods and technologies, such as BIM ap-

plications and life cycle assessment (LCA) approaches, are further developed 

to provide decision support in designing, constructing, and operating buildings 

more sustainably. 

In an empirical study, Pfnür and Wagner (2018, pp. 48–57) found that actors 

of the German real estate industry regard digitization and a consistent data and 

information exchange as key solutions to cope with new requirements induced 

by megatrends. Thus, digital solutions provided by BISs are increasingly de-

manded for all tasks throughout the building life cycle. On the other hand, 

digitization has a strong push effect on the real estate industry by enabling 

innovations, new business models, and more effective, more efficient, and au-

tomated ways to handle traditional tasks. Digitization is mainly a result of ad-

vancements in ICT to which the real estate industry constantly adapts. This is 

reflected in newly and further developed BISs. Early evidence comes from 

Magnet (1989, p. 76), who proposes a building information system function-

ing as a fire detection system that extends to other aspects of building 
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automation. The proposal includes a description of system-related require-

ments, actors involved, primary functionalities, and a model for visualization 

(Magnet, 1989, pp. 74–78). In the mid-90s, information systems were, also in 

the construction process, regarded as a means of digitalization with great in-

fluence (Kelly et al., 1997, p. 17). 

The evolution of BISs is also driven by globalization. Globalization is an on-

going process that permeates all aspects of life and leads to a multidimensional 

linkage on a global level (Pohl & Vornholz, 2016, p. 7). This leads to transac-

tions beyond traditional real estate submarkets and thus reinforces the need for 

reliable information on foreign properties and markets (Ganter & Lützkendorf, 

2019, p. 4). In addition, globalization goes along with an increased mobility 

of people which results in a more fluctuating demand for properties, buildings, 

and rental spaces (Pohl & Vornholz, 2016, p. 8). The increased use of BISs 

supports building owners and other actors involved in real estate management 

in handling the consequences of globalization. 

2.4.3 State of research 

The design, development, and application of BISs has been examined through-

out the last decades forming several research areas with a specific scope. The 

knowledge in this domain derives from basics in building-related information 

management and from proposals regarding the specified use of information 

systems. The findings from research usually show significance for practical 

implementation, but do not always represent the latest developments from the 

industry. Within the last years, a convergence of academia, industry, and pub-

lic sector becomes evitable. In the following, the focus lies on findings from 

research. 

Based on their function as an information system, as defined in section 2.4.1, 

BISs build on information management principles for the building life cycle. 

However, few publications draw their reasoning for the structure and func-

tionality of a BIS out of information management insights. Mehlis (2005), for 

example, systematically analyzes the basics regarding the collection, supply, 

and demand of building-related data. He uses this information for the devel-

opment of a calculation model that evaluates the costs of data collection and 
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storage. Within his analysis, he defines a real estate information system as a 

tool to holistically manage information that is relevant for real estate manage-

ment (Mehlis, 2005, p. 135).  

Lützkendorf and Speer (2005) investigate the reasons for the lack of transpar-

ency in the real estate market and evaluate the need of building-related data to 

signaling building quality and performance. They propose the use of BISs as 

a life-cycle-accompanying tool to manage building-related data and make sug-

gestions on their structure (Lützkendorf & Speer, 2005, pp. 190–191).  

Lorenz and Lützkendorf (2008) analyze the implications of sustainable build-

ing on property values. For this, they elaborate basics for the composition of 

property values and for the information management of actors of the real estate 

industry. As a result, they emphasize the function of building passports/files 

as information containers throughout the life cycle of buildings and, above 

that, identify a bunch of tools and information systems for quality assurance 

and decision support (Lorenz & Lützkendorf, 2008). 

Rohde et al. (2011) identify the information needs of actors of the real estate 

industry in various occasions and tasks by analyzing documents for data col-

lection from practice, such as documentation guidelines, due diligence check-

lists, rent indexes, valuation methods, assurance checklists, and related stand-

ards. In addition, the authors carried out expert interviews and workshops. 

Against the background of existing basics and approaches for systematization 

of building-related data, they come up with an own proposal for a BIS that 

includes the life-cycle-accompanying management of static and dynamic in-

formation as well as the ad hoc generation of relevant documents. According 

to the authors, their proposal can serve as a basis for practical implementations 

(Rohde et al., 2011, pp. 84–88). 

Talamo and Bonanomi (2015) dedicate a whole book to information manage-

ment and information systems within the real estate industry with a focus on 

use cases in facility management. They systematically identify the information 

demand in facility management and put this into the context of implementing 

KPIs. In addition, they propose a job-sharing approach of different tools, call-

ing them inventory, building registry, information system, and command cen-

ter, to manage information for facility management. For each of these tools, 
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they explain their functionality in detail. They also investigate the use of BIM 

for facility management. 

Additional to publications that explicitly interlink information management 

basics with BISs, there is a greater number of publications that transfer the 

term and concept of information systems to use cases in real estate manage-

ment. Due to the various potential use cases and the lacking standardization of 

the term, the amount of relevant literature remains unspecified. A brief over-

view is given on selected examples. 

Gessmann (2008) makes a proposal for an internet-based building data repos-

itory that should work as a lifecycle-oriented integration platform. He builds 

his work on the concept of room books to combine alphanumeric and geomet-

ric data to describe a building’s structure (Gessmann, 2008, p. 43). His goal is 

to develop a tool that enables the continuous maintenance of building-related 

information (Gessmann, 2008, p. 89). He developed a prototype to demon-

strate his proposal.  

Pfnür (2011, pp. 421–422) interprets a real estate information system as a sys-

tem that supplies an organization with building-related data according to its 

needs. He regards such a system as the linkage between ICT and business ad-

ministrative processes. It should facilitate the collection, storage, and supply 

of building-related data and thus needs to fulfill several requirements in terms 

of its structure, functionality, use, and economic efficiency, for example. 

Nebauer (2012, p. 50) makes a proposal for a real estate information supply 

system that works in the context of controlling as a linkage between specific 

controlling systems and overall performance and risk controlling for institu-

tional real estate investors. The goal lies in the harmonization of building-re-

lated information to centrally manage the data coming from project develop-

ment, maintenance, and risk controlling systems for example. In addition to 

explaining the basic structure and functionality, Nebauer (2012, pp. 52–58) 

briefly defines requirements of information management on the system. 

Treleaven et al. (2021, p. 445) outline the concept of a real estate data market-

place that supports the structured exchange and validation of building-related 

data across the life cycle. Their proposal emphasizes the role of digital 
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technologies in enabling more transparent and efficient information flows and 

introduces a governance framework for managing data access and quality. 

While not explicitly framed as a BIS, the marketplace functions as a compre-

hensive information system supporting tasks such as planning, management, 

and compliance, and reflects the increasing relevance of integrated data envi-

ronments in real estate practice (Treleaven et al., 2021, pp. 456–461). 

It becomes clear that the idea for BISs already exists for quite some time. Still, 

the evidence in the literature remains fragmented and not well connected. As 

of late, new terms and concepts evolve that partly build on already existing 

initiatives or technologies and that take over functions as BISs. This includes 

passports, logbooks, and similar concepts as well as virtual building models 

based on BIM applications or digital twins. Although there are various types 

of information systems for more or less the entirety of tasks throughout the 

building life cycle including the return-oriented, performance, and user per-

spective (section 2.1.3), above mentioned BISs from the group of passports 

etc. receive more attention today. This has to do with their broader scope 

which is increasingly demanded against the background of several drivers 

(section 2.4.2).  

The developments in this research domain are very dynamic. van Capelleveen 

et al. (2023) are one of the first to provide an overview on systems that use the 

term “passport”. At the same time, there is a strong interest from the EC in the 

development of so-called digital building logbooks. This interest was initiated 

with several research projects around 2016 and continues still through various 

initiatives and research projects. In addition, current research focuses on BIM 

and digital twins as the solution to digitize the complete value chain. 

Despite all new concepts and initiatives, the literature is still lacking a concep-

tual basis of information management throughout the building life cycle that 

these concepts build upon. The findings of this initial review can be summa-

rized as follows: 

• Information management throughout the building life cycle is rarely well 

defined in the literature and rather stays a vague concept despite its huge 

relevance for the effectivity and efficiency of building-related tasks. 
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• Few publications ground their proposals of BISs and similar tools on ba-

sics of information management. This is, in conjunction with historical 

developments, one of the reasons, BISs are often developed specifically 

for one purpose which contributes to the diversity of approaches and 

which prevented the development of a holistic BIS (Rohde et al., 2011, 

p. 85). 

• The missing standardization of terms adds to the fragmentation of 

knowledge. In addition, the object of consideration and the system 

boundaries are often not specified. Thus, company-specific and com-

pany-independent approaches are mentioned interchangeably. 

• New concepts, such as passports or logbooks as well as further developed 

technologies, such as BIM and digital twins, increase the variety of BIS 

approaches. 

• Researchers reasonably explore and discuss new possibilities from digi-

talization. Their proposals with regard to BISs, however, rarely consider 

the information demand of actors and their related requirements. In addi-

tion, the combination of different ICTs for BISs stays mostly unexplored. 

The identified insufficiencies emphasize the need for a systematic approach 

that thoroughly analyzes the basic principles and problems of information 

management and the new opportunities through technological advancements 

to translate these insights into requirements on a BIS. Especially, the need for 

a BIS that facilitates the life-cycle-accompanying storage and management of 

building-related data becomes evident reinforcing the relevance of the re-

search gap posed in section 1.3. 

2.5 Summary of basics 

Chapter 2 introduced fundamental concepts essential for understanding the 

subsequent analysis and results chapters. It covered: 

• Real estate management: Defining real estate and buildings, identifying 

key actors in the industry, outlining the building life cycle, and discussing 

associated tasks. These aspects form the foundation for further discus-

sions on building-related information management and data. 
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• Information management: Introducing key terms and concepts from busi-

ness informatics, including data, data sharing, information systems, ICT, 

and the role of information management. This serves as a basis for ana-

lyzing technologies and developing the requirement profile for BISs, as 

well as for the proposals presented in the results chapter. 

• Information modeling: Providing an overview of relevant modeling tech-

niques that will be applied in the results chapter. 

• Information systems for real estate management: Integrating the concepts 

of information systems with real estate and buildings, offering an initial 

definition of BISs, outlining the factors driving their development, and 

reviewing how the topic has been addressed in academic literature. This 

contributed to reinforcing the research gap of this thesis. 

The concepts and definitions introduced in this chapter are assumed as prior 

knowledge in later sections and are referenced where appropriate. 
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3 Information management 
throughout the building life cycle 

Effective information management is crucial for supporting decision-making 

and collaboration throughout the building life cycle. Building on the concep-

tual foundations introduced in chapter 2, this chapter analyzes building-re-

lated data, their management processes, and the challenges actors face in us-

ing these data effectively across the life cycle. 

Section 3.1 defines the scope and categorizes building-related data. Section 

3.2 examines data creation and collection processes and their diverse sources. 

Section 3.3 analyzes data requirements in relation to tasks performed across 

different life cycle stages, highlighting the complexity of aligning information 

with task-specific demands. Section 3.4 investigates recurring problems in in-

formation management, such as fragmented data, lack of interoperability, and 

inconsistent data quality. 

The results of this analysis provide the basis for deriving the requirement pro-

file for BISs presented in chapter 5. 

 

Figure 3.1: Structure of chapter 3 

3.2 Data creation and collection 3.3 Building-related data needs

3.4 Issues in information management

3.1 Scope and types of building-related data
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3.1 Scope and types of building-related data 

During the life cycle of a building, a large amount of data are generated. This 

section first develops a definition of “building-related data” (section 3.1.1). 

Subsequently, approaches for classifying building-related data according to 

distinguishing criteria are examined (section 3.1.2). This includes systemati-

zation approaches from the real estate industry, such as classifications based 

on building quality characteristics and the determination of building attributes. 

3.1.1 What are building-related data? 

Before analyzing the abundance and relevance of building-related data, it is 

necessary to clarify what falls under this concept. The literature lacks a stand-

ardized term, using various expressions such as “building data” (Hartenberger 

& Lorenz, 2017, p. 13), “building information” (Lützkendorf & Speer, 2005, 

p. 182), “property data” (Society of Property Researchers [gif], 2021, p. 33), 

“real estate data” (Mehlis, 2005, p. 1), “life cycle data” (Starzner et al., 2007, 

p. 12) etc. Some works avoid a specific term altogether, instead paraphrasing 

building-related data in different ways (Talamo & Bonanomi, 2015). How-

ever, none of these terms provides the precision required for this thesis. In-

stead, a more precise definition is derived based on the components of the term 

"building-related data" and is aligned with the definitions of sections 2.1.1 and 

2.2.1.1: 

"Building-related data comprise all representations of real 

estate-related information that inherently exist in a structured 

form on a medium. They may follow predefined schemes, for-

mats, or classifications and serve as a basis for information 

that actors can interpret. In a narrower sense, they provide 

information about buildings to relevant actors." 

From the term "building-related data" alone, it is not clear whether respective 

data refer to a single building, to a portfolio of buildings, or to real estate in 

general. The term “building” is preferred over other terms, since it is univer-

sally used around the globe and since it is most of the time used to refer to 

individual buildings. For the purpose of this thesis, the term “building” is used 
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as a specification of real estate on single building level. In this respect, the 

term “building-related data” goes beyond the physical-technical dimension. It 

includes more than physical aspects, for example from the legal, economic, 

environmental, or social perspective. 

3.1.2 Types of building-related data 

The definition of real estate includes the time component as an important di-

mension (section 2.1.1). On a data level, this leads to a differentiation of static 

data, which are unchanging in a certain period of observation, and dynamic 

data, which may be subject to change. In practice, it is not always trivial to 

distinguish between static and dynamic building-related data, as many data 

can be constant for a certain period of time, but change in the long term 

(Mehlis, 2005, pp. 50–51). It seems clear that all building-related data that are 

constant over the entire life cycle of a building should be classified as static. 

For dynamic data, appropriate thresholds are needed to determine whether the 

data are still static or already dynamic. 

According to the specifications of GEFMA 400, static data include inventory 

data. They refer to the physical building structure or to specific building com-

ponents and are available either in the form of alphanumeric or geometric data 

(Bartels, 2020, p. 39). Alphanumerically is the term used to describe data that 

are represented in the form of characters, digits, and symbols, such as key fig-

ures or descriptions. Geometric data are defined by size, shape, dimensions 

and position. They are, for example, planning documents (DIN EN 17412-

1:2021-06, p. 7). Several other categories of building-related data can typi-

cally be found in theory and practice. Table 3.1 provides an overview on these 

categories. 
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Table 3.1: Categories of building-related data based on (Bartels, 2020, p. 39; Turianskyj et 

al., 2018, p. 233) 

Data category Definition 

Master data Static reference data that uniquely identify and classify 

core entities related to a building, such as its owner-

ship, identifiers, typology, or categorization 

Location data Static and dynamic data on the physical environment 

of a building 

Inventory data Static data describing the designed or as-built state of a 

building and its elements 

Condition data Dynamic data capturing the actual condition of build-

ing components and services over time 

Economic data Dynamic data related to financial, tax, or valuation as-

pects 

Legal data Dynamic data involving property rights, contracts, and 

legislative requirements relevant throughout the build-

ing life cycle 

Process data Dynamic data on construction, management, and other 

building-related processes not covered in other catego-

ries 

Consumption and 

emission data 

Dynamic data on natural resource consumption (sys-

tem input) and solid, liquid, and gaseous emissions 

(system output) from building-related processes 

 

With this structured classification of building-related data, it becomes clear 

that not all data related to the built environment qualify as building-related 

data. This includes general market and economic data, broad geographic or 

climate data are, personal or behavioral data, and regulatory frameworks, un-

less these data are explicitly connected to a building, its life cycle, or its man-

agement. 

In theory, building-related data may be classified using a variety of criteria 

beyond those outlined in Table 3.1. These criteria may include the level of 

data structuring, the extent of digitization, and whether the data are machine-
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readable. Their significance varies according to the application context and 

the specific requirements of the use case. 

One of the main situations in which building-related data are required is the 

description of buildings or their individual elements, for example for docu-

mentation or communication purposes. For a structured, data-based represen-

tation of a building, building-related properties and attributes play a key role. 

The terms property and attribute are well established in the context of BIM. 

A property is defined as an information unit dynamically assigned to a specific 

entity instance, while an attribute is an inherent information unit within an 

entity, defined by a specific type or reference to another entity (DIN EN ISO 

16739-1:2021-11, pp. 10–13). In natural language, it is often difficult to dis-

tinguish between properties and attributes. 

Another important access to describing a building with data is offered by qual-

ity approaches (Lützkendorf & Speer, 2005, p. 187). They can help to deter-

mine data needs from a top-down approach and to efficiently communicate 

building qualities. Conventions to describe and assess buildings based on qual-

ity characteristics gained increased attention within the last 25 years along 

with the development of green building assessment systems. The quality char-

acteristics included in such instruments are related to the goals that are pursued 

with planning, constructing, and using a building by different actors of the real 

estate industry. The overall question lies in the capability of a building to serve 

their needs, offer the respective functionality, and lead to the desired effects 

on the environmental, social, and economic systems (ISO 15392:2019-12, 

p. 8). 

There are recognized indicators for certain building qualities, while for others 

suitable indicators remain vaguer. A reason for this can lie in the difficulty to 

quantify and thus objectify certain aspects. Different indicators might be 

needed to express the same building quality for different actor perspectives. 

For example, landlords assess the economic quality of a building by evaluating 

the results of a profitability assessment, while tenants value rental space they 

can afford.  

Table 3.2 gives an overview on building quality dimensions and building qual-

ities. It is based on specifications of building qualities and indicators in 
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standards, green building assessment systems, EU frameworks, and industry 

standards. Most building qualities and indicators can be applied at every life 

cycle stage of a building. However, different information sources and data 

might be necessary at different stages. In the context of a sustainability assess-

ment, building qualities can also be interpreted as assessment criteria. 

Table 3.2: Building qualities and indicators based on (Buchholz, 2022; DIN SPEC 

91475:2024-03; ISO 21931-1:2022-06) 

Quality dimension/char-

acteristic 

Building qualities 

Economic quality Whole life cost  
Life cycle cost  
Profitability  
Preservation of value / value stability 

Environmental quality Energetic quality  
Climate friendliness / impact  
Environmental impact  
Climate resilience  
Resource efficiency and sufficiency   
Circularity  
Space efficiency  
(Local) environment friendliness 

Social and functional 

quality 

Aesthetic value  

 
Thermal comfort  
Acoustic comfort  
Visual comfort  
Indoor air quality   
Accessibility  
Suitable usable spaces  
Impacts on neighbors   
Impacts of maintenance on users  
Personal safety  
Mobility infrastructure 
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Technical quality Longevity  
Durability  
Ease of maintenance  
Reconstruction capability  
Adaptability and flexible use  
Quality of structure  
Quality of the building concept  
Quality of envelope  
Quality of building services  
Smart readiness  
Quality of building products and materials 

Location quality Exposition towards natural hazards and climate 

risks  
Proximity to relevant facilities  
Quality of plot 

 

Extensions and alterations are expected for the relevance of building qualities 

and indicators in the long term based on the influence of megatrends on the 

built environment. For BISs, the quality approach can play an important role 

to classify data from the perspective of actors’ information demands.  

3.2 Data creation and collection 

In this section, methods and frameworks for data creation and collection 

throughout the building life cycle are identified. These processes are essential 

for meeting data needs and information management requirements. Further-

more, they are closely linked to data processing and storage, reinforcing their 

importance in analyzing requirements for BISs. Specifically, this section co-

vers: 

• An overview on data creation in the building life cycle (section 3.2.1) 

• Basics on data collection methods (section 3.2.2) 

• An analysis of regulatory systems for data creation and collection (sec-

tion 3.2.3) 
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Thus, a comprehensive overview is provided on data creation and collection 

introducing concepts and information sources which will be referred to at sev-

eral points throughout the thesis. 

3.2.1 Data creation in the building life cycle 

Data creation is a continuous process throughout the building life cycle, en-

compassing various types of data that emerge from planning, construction, 

operation, and eventual deconstruction. While the literature does not provide 

a comprehensive conceptualization of data creation methods, a general dis-

tinction can be made between original data creation, where data are generated 

without prior empirical input (e.g., during early design), and secondary data 

creation, where existing data serves as a basis for further derivation (e.g., sim-

ulations, projections, or updates based on operational data). 

Data collection refers to processes in which actors gather information in the 

form of data in respect to their information demand. It can be subdivided into 

two different types, original and secondary data collection. In comparison to 

the difference between original and secondary data creation, this distinction is 

even more established. Original data collection refers to the collection of data 

directly from the object of observation, which can be a building, its compo-

nents or surroundings for example. Secondary data collection addresses data 

that have already been collected by a different person and that is now available 

and accessible via a specific information source. Both types can include the 

collection of alphanumeric as well as geometric data (Mehlis, 2005, p. 57). 

The distinction between data creation and data collection can sometimes be 

blurred, as certain processes inherently involve elements of both. For instance, 

original data collection, such as surveying or sensor-based monitoring, often 

results in the generation of new datasets, which can also be viewed as a form 

of data creation. To address this overlap, the primary intent of the activity, 

whether to acquire existing information or to produce new data, can be used 

as a guiding criterion for classification. 

The nature and extent of data creation vary significantly between life cycle 

stages. Particularly high volumes of data are generated when structural inter-

ventions or significant changes occur, such as during the initial planning and 
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construction stages or during major renovations. In contrast, the use stage is 

typically characterized by a steadier, more incremental data flow (Figure 3.2). 

By comparison, the intensity of data collection over the life cycle largely de-

pends on the specific data needs and the information demands of the involved 

actors for different tasks and occasions. 

 

Figure 3.2: Data volume throughout the building life cycle based on Rohde et al. (2011, 

p. 83) 

The actual volume and availability of building-related data depend heavily on 

how data are managed by different actors across time. Information may be 

lost, siloed, or never digitized, making data availability a key concern in in-

formation management. These challenges will be discussed further in section 

3.4. 

3.2.2 Data collection methods 

Several methods exist for collecting building-related data. Their development 

and application are closely linked to data requirements at different stages of 

the building life cycle. Consequently, the relevance and frequency of use of 
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individual methods vary depending on the specific task or application context. 

Despite these differences, their common purpose is to enable the systematic 

collection of building-related data for defined occasions. Figure 3.3 provides 

an overview of relevant methods and highlights their respective focal points. 

 

Figure 3.3: Overview on methods for collection of building-related data 

A building survey focuses primarily on the systematic acquisition of geomet-

ric and technical information describing the spatial structure, dimensions, and 

physical condition of a building. It is typically applied when existing docu-

mentation is missing, incomplete, or outdated, but may also complement 

available design data with current, as-built information. As such, a building 

survey provides a detailed technical description of a building at a specific point 

in time and predominantly captures static data (Donath, 2008, pp. 2–4). 

Extending beyond the technical perspective, a holistic building inventory aims 

at the comprehensive collection of building-related data across multiple do-

mains, including technical, economic, legal, environmental, and organizatio-

nal aspects. While it may incorporate results from building surveys, its scope 
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is broader and addresses information relevant for management, evaluation, 

and strategic decision-making. Similar to a building survey, a holistic building 

inventory represents a snapshot of a building’s condition and context and 

therefore largely consists of static data (Mehlis, 2005, p. 48). 

Due diligence builds on these forms of data collection by integrating and eva-

luating building-related information in order to assess risks and opportunities, 

particularly in the context of transactions, investments, or major interventions. 

Rather than constituting a distinct data collection method, due diligence com-

bines and analyzes data obtained through building surveys, inventories, and 

document reviews from different perspectives, commonly including technical, 

commercial, legal, and environmental aspects. Its primary function lies in 

structuring and interpreting existing information to support informed decision-

making (Just & Stapenhorst, 2018, pp. 6–7; Royal Institution of Chartered 

Surveyors [RICS], 2020, p. 4; Tagg, 2018, p. 2). 

In contrast to the aforementioned methods, real-time monitoring addresses the 

continuous collection of dynamic building-related data during the use phase. 

In this context, real-time monitoring is used as an overarching term, while the 

literature also refers to technical or in-use monitoring, which focuses on the 

performance of building systems and technical installations. Based on sensors 

and metering systems, this approach enables the ongoing observation of para-

meters such as energy and water consumption, indoor environmental conditi-

ons, and system operation. Rather than depicting a static state, technical mo-

nitoring supports continuous performance evaluation, operational 

optimization, and long-term quality assurance during building use (Hajdukie-

wicz et al., 2015, p. 1; VDI 6041:2017-07, pp. 2–3). 

3.2.3 Regulatory systems for data creation and 
collection 

The creation and collection of building-related data are influenced by a range 

of regulatory systems that define documentation obligations, data scopes, and 

procedural requirements. The following selection reflects the situation in Ger-

many and focuses on regulatory frameworks that explicitly or implicitly shape 
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building-related data practices. Where appropriate, their contribution to struc-

tured information management and BISs is briefly assessed. 

3.2.3.1 Regulatory frameworks 

Several binding legal frameworks affect the collection of building-related data 

throughout the building life cycle. The German Honorarium Regulation for 

Architects and Engineers (HOAI) structures planning and construction ser-

vices by distinguishing between basic and special services (Table B.2). While 

documentation activities occur across nearly all project phases, HOAI does 

not define explicit requirements regarding data quality, data scope, or long-

term data usability. As a result, data are often created for phase-specific pur-

poses and remain with individual actors, limiting transferability across life cy-

cle stages. Nevertheless, the systematic structure, legal anchoring, and wide-

spread application of HOAI provide a potential basis for more standardized 

data creation, particularly in later planning and execution phases. 

The German Construction Contract Procedures (VOB), especially Part C, de-

fine contractual and technical requirements for construction works, primarily 

in the context of public projects. Structured around DIN standards  (DIN 

18299:2023-09, pp. 2–5), VOB C specifies task-related documentation re-

quirements, such as material properties, execution details, and compliance ver-

ification. However, these requirements are distributed across numerous indi-

vidual specifications, resulting in fragmented documentation. This 

fragmentation hampers the creation of integrated, interoperable datasets and 

limits the reuse of data beyond their immediate contractual purpose. 

More explicitly data-oriented are the “Baufachliche Richtlinien Gebäude-

bestandsdokumentation” (BFR GBestand), which define standardized docu-

mentation requirements for public buildings with the aim of improving real 

estate management and operational efficiency (Bundesministerium des In-

nern, für Bau und Heimat [BMI] & Bundesministerium der Verteidigung 

[BMVg], 2021, p. 1). The guidelines distinguish between alphanumeric and 

geometric data and define basic and extended documentation scopes (BMI & 

BMVg, 2021, p. 6). While their application is largely limited to public-sector 

projects, their structured approach and explicit reference to BIM-based pro-

cesses illustrate how regulatory frameworks can support systematic data 
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maintenance across life cycle stages. Within the same regulatory context 

(RBBau), the “Baufachliche Richtlinien Recycling” specify documentation 

requirements for demolition and material recovery, providing important refer-

ence points for data needs at the end-of-life stage (BMI & BMVg, 2018). 

Overall, legal requirements in Germany contribute to the creation of substan-

tial amounts of building-related data, but they rarely enforce a coherent, life-

cycle-oriented data logic. Data collection is predominantly task- and phase-

specific, resulting in limited continuity and interoperability. 

3.2.3.2 Standardization frameworks 

In addition to legal requirements, numerous standards define conventions for 

the creation, structuring, and documentation of building-related data. These 

standards support a shared understanding of terminology, documentation 

structures, and methodological approaches. Although their application is gen-

erally voluntary, their relevance is increased through references in contracts, 

guidelines, and regulatory frameworks. In Germany, standardization activities 

are primarily shaped by organizations such as the International Organization 

for Standardization (ISO), the European Committee for Standardization 

(CEN), and the German Institute for Standardization (DIN). Table 3.3 pro-

vides an overview of selected standards that indicate data and documentation 

needs across different stages of the building life cycle. 

Table 3.3: Selection of standards for data collection and creation throughout the building 

life cycle 

Standard Focus Key Specifications 

DIN 32835-

1:2007-01 

Technical doc-

umentation for 

facility man-

agement 

Defines terms, methods, and hierarchy 

of documentation; distinguishes be-

tween construction and use-stage docu-

mentation 

DIN Fachber-

icht 151:2007-

01 

Construction 

documentation 

for facility 

management 

Lists documents required for construc-

tion; classifies them into basic and spe-

cial documents; references regulatory 

frameworks (e.g., HOAI, VOB) 
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DIN 32835-

2:2007-01 

Use-stage doc-

umentation for 

facility man-

agement 

Proposes structured documentation of 

building parts, components, and rooms; 

emphasizes transfer of construction data 

to use-stage records 

VDI 

6026:2015-04 

part 1.1 

Documentation 

of building ser-

vices 

Aligns with planning stages (HOAI) 

and service processes (DIN 276); speci-

fies required documentation for differ-

ent project phases 

DIN SPEC 

91462:2022-02 

Property man-

agement ser-

vices 

Defines service requirements for prop-

erty management companies, specifying 

commercial, technical, legal, and eco-

nomic responsibilities. Provides in-

sights into data needs for property man-

agement 

VDI 6070 Part 

1 

Room books 

for life cycle 

documentation 

Defines structuring principles for alpha-

numeric data; attributes evolve through-

out the building’s life cycle 

VDI-MT 3810 

Part 1:2023-03 

Documentation 

for building 

operation and 

maintenance 

Specifies requirements for maintaining 

operational and maintenance data, inte-

grating diverse data points 

VDI 

6039:2011-06 

Building com-

missioning 

documentation 

Ensures functionality of building ser-

vices through systematic testing, verifi-

cation, and structured documentation 

VDI 

6210:2024-10 

part 1 

Demolition 

documentation 

Defines processes for planning, execu-

tion, and post-demolition activities, in-

cluding material handling and waste 

management 

 

The listed standards address a wide range of application contexts, including 

facility management, building services, property management, commission-

ing, operation, and demolition. Despite their thematic diversity, they share a 

common emphasis on structured documentation, classification systems, and 

data consistency. Several standards distinguish explicitly between construc-

tion-phase and use-phase documentation and highlight the importance of 

transferring and updating data beyond project completion. Others focus on 
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operational processes, maintenance, or end-of-life activities, thereby address-

ing specific segments of the building life cycle. 

At the same time, the standards differ considerably in scope, level of detail, 

and methodological focus. While some define comprehensive documentation 

frameworks, others concentrate on specific instruments, such as room books 

or commissioning records. As a result, their combined application often re-

quires additional coordination and interpretation by project stakeholders. 

Taken together, the standards provide a valuable foundation for structured 

documentation and improved information management. However, their prac-

tical impact is limited by fragmentation, overlapping scopes, and the absence 

of a unifying, life-cycle-spanning data model. These limitations underscore 

the need for an integrated perspective on building-related data requirements, 

which is addressed in the following section. 

3.3 Building-related data needs 

This section analyzes building-related data needs in order to derive require-

ments for the data content of a BIS. The analysis focuses on identifying which 

data are created and required for specific tasks and decisions across the build-

ing life cycle, and on assessing their relevance in different contexts. 

In contrast to earlier studies that primarily examine actors’ information de-

mands, such as Starzner et al. (2007) or Rohde et al. (2011), this analysis 

adopts a task-oriented perspective. It aims to identify objective data needs that 

arise from decision-making and task execution, independent of individual ac-

tors. This approach is particularly relevant in a context where roles and re-

sponsibilities in the real estate sector are increasingly dynamic. Compared to 

earlier task-based approaches as the one from Mehlis (2005), the analysis pro-

vides an updated, more systematic and integrated perspective that reflects re-

cent industry developments. 

Methodologically, the section combines insights from existing literature with 

an analysis of typical tasks and decision contexts in the building life cycle. 

The following subsections first outline the analytical approach (section 3.3.1) 

and then examine building-related data needs across selected contexts and task 
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areas (sections 3.3.2–3.3.7). The results are synthesized into a hierarchical 

structure (taxonomy) of building-related data in section 3.3.7. 

3.3.1 Analytical approach 

The analysis of building-related data needs is based on a task-oriented frame-

work that links data requirements to concrete decision and action contexts in 

the building life cycle. Rather than focusing on individual actors, tasks are 

used as the primary unit of analysis, allowing data needs to be derived inde-

pendently of specific organizational roles. 

To structure the analysis, typical contexts in which building-related data are 

required are identified. These contexts include situations in which tasks are 

triggered by specific events in the building life cycle (e.g., new construction, 

refurbishment, transactions), as well as situations in which data are required 

due to the interests or strategic objectives of actors (e.g., performance assess-

ment, sustainability evaluation, reporting). The concept of such contexts 

serves primarily as an analytical aid and is not intended as a strict classifica-

tion. 

Based on this logic, a set of relevant contexts and task areas is selected to 

ensure broad coverage of building-related data needs while maintaining a 

manageable scope. These include: 

• life cycle–related tasks,  

• cross-functional tasks,  

• public-sector contexts,  

• sustainability assessments, and  

• reporting-related requirements.  

An overview of typical actors and their involvement in these tasks is provided 

in Appendix B (Table B.7) to contextualize the analysis, although the deriva-

tion of data needs itself remains task-based. 

The subsequent analysis examines the data required to perform the identified 

tasks within these contexts and consolidates the findings into a structured tax-

onomy of building-related data. 
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3.3.2 Life cycle-oriented tasks 

3.3.2.1 Data needs at the development and construction stage 

The early life cycle stages generate a vast amount of building-related data, 

primarily to support decision-making and satisfy the information needs of key 

actors such as planners, construction firms, and project managers. The devel-

opment and construction stage are particularly crucial as they establish the 

foundational data required for managing a building throughout its life cycle. 

This is reflected in the variety of information sources analyzed, which indicate 

that data needs extend beyond immediate tasks to also serve future life cycle 

stages. 

A key category in this stage are master data, which provide fundamental con-

textual information about the building and construction project. This includes 

data on intended usage, involved actors, and location, as well as planning and 

construction processes. The HOAI, for instance, specifies documentation re-

quirements covering needs assessments, location analyses, feasibility studies, 

and cost calculations (HOAI, 2013), while similar aspects are addressed in 

VDI 6026:2015-04 part 1.1. 

Inventory data play a major role in capturing the physical realization of a 

building. While early design documents primarily support planning, inventory 

data ensures that as-built conditions are documented. Multiple information 

sources emphasize the necessity of recording structural components and build-

ing services, including testing protocols and maintenance instructions. Addi-

tionally, building geometry and area data are relevant, particularly in connec-

tion with virtual building models and floor plans. VDI 6070 Part 1 highlights 

the importance of documentation related to room, facilities, equipment, and 

furnishing books. 

Economic and legal data primarily cover construction costs, contractual agree-

ments (including rental, maintenance, and service agreements), and essential 

approvals such as building permits. These data points provide the regulatory 

and financial framework necessary for both project execution and future op-

erational stages. 
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Building performance data play a comparatively minor role at this stage, as 

performance metrics become more relevant during building operation. The an-

alyzed sources indicate that instruments such as technical monitoring stand-

ards and green building certification systems primarily address performance 

in later life cycle stages, which are covered in subsequent sections. 

3.3.2.2 Data needs at the use stage 

The use stage is characterized by extensive building-related data needs due to 

its significantly longer duration compared to other life cycle stages and the 

multitude of decisions, tasks, and actors involved. This stage reveals distinct 

perspectives on real estate, performance-, return-, and use-oriented, each gen-

erating diverse data requirements in contexts such as renovations, mainte-

nance, portfolio management, and tenant administration. Several information 

sources were analyzed to account for these different perspectives (section 

B.4). 

A fundamental role is played by master data, which serve as a foundation for 

nearly all tasks. These include essential information such as building usage 

type, ownership details, location data, and key dates from planning and con-

struction records. Additionally, contextual data on building operation and us-

age patterns are crucial for managing the building efficiently. 

Regarding inventory data, up-to-date information on building geometry, com-

ponents, and services is essential. These data support both strategic real estate 

management decisions and the technical-physical aspects of facility manage-

ment. While construction documentation, as defined in DIN Fachbericht 

151:2007-01 or VDI 6026:2015-04 part 1.1, provides a basis, it is often insuf-

ficient for the specific requirements that emerge during the use stage. There-

fore, a transformation into use documentation, as outlined in DIN 32835-

2:2007-01, is necessary. A distinctive situation exists in the case of major ren-

ovations, so that in terms of scope and complexity alone, this can again be 

referred to as construction documentation 

A key technique for collecting real-time building data is technical monitoring, 

which encompasses the recording, storage, visualization, and analysis of op-

erational and process variables (section 3.2.2). Table 3.4 outlines key data 
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categories collected through technical monitoring, including operating param-

eters, energy consumption, system states, and environmental conditions. 

Table 3.4: Examples for data points collected through technical monitoring based on 

(Guerra-Santin & Tweed, 2015, p. 192) and Arbeitskreis Maschinen- und El-

ektrotechnik staatlicher und kommunaler Verwaltungen (2020, p. 21) 

Category Examples of Data 

Operating param-

eters 

Temperatures (supply/return, room, outdoor), pres-

sures, flow rates, humidity, energy performance. 

Energy and Con-

sumption 

Electricity usage, heating/cooling energy, gas, water 

consumption. 

Control and Reg-

ulation 

Operating times, on/off states, setpoint/actual devia-

tions. 

Condition and 

Maintenance 

Error messages, maintenance schedules, sensor/actua-

tor states. 

Weather and En-

vironment 

Outdoor temperature, weather conditions, sunlight 

hours, wind speed. 

Indoor climate Air quality (CO₂ levels, pollutants), lighting intensity 

(lux). 

System-specific 

data 

PV production, battery status, elevator movement/load 

data. 

 

For return-oriented tasks, such as portfolio, asset, and property management, 

data needs are less standardized. Variations arise due to differing owner re-

quirements, building types, and data collection methods. Additionally, the 

level of aggregation increases from property to asset and portfolio manage-

ment. Compared to the performance perspective, the return-oriented perspec-

tive relies more on economic, legal, and performance data, including financial 

records, contracts (e.g., with tenants or service providers), regulatory docu-

ments (e.g., EPCs), and user satisfaction metrics. Ensuring reliable data qual-

ity and format is critical, particularly at higher aggregation levels such as port-

folio or investment management. While sustainability-related data are 

increasingly relevant in real estate management, they are primarily addressed 

in the sections on sustainability assessment (3.3.5) and corporate sustainability 

reporting (3.3.6). 



3  Information management throughout the building life cycle 

74 

The use-oriented perspective overlaps with other perspectives but places 

greater emphasis on aspects such as furnishing, equipment, and fixtures. In 

CREM, data needs arise from leveraging buildings as corporate resources or 

considering them as influencing factors in business processes. 

Finally, private users, including owner-occupiers and tenants, exhibit data 

needs. Compared to professional building owners, their data needs are typi-

cally less technically detailed, but more heterogeneous and strongly driven by 

individual preferences and situational decisions. 

3.3.2.3 Data needs at the end-of-life stage 

The end-of-life stage, as defined in section 2.1.2, encompasses the deconstruc-

tion or demolition of a building. The decision to deconstruct or demolish is 

typically made when a building reaches the end of its economic or technical 

lifespan, either because continued operation is no longer profitable or its struc-

tural condition has deteriorated beyond feasible modernization. Although this 

decision is technically made during the use stage, it is categorized here due to 

its direct relevance to end-of-life processes. 

Much of the data required at this stage align with those from earlier life cycle 

stages, particularly information on building components, services, and geom-

etry. However, for actors involved in deconstruction planning and execution, 

it is crucial that these data remain up-to-date to support informed decision-

making. 

A critical factor is the identification of hazardous materials, essential for 

worker safety and legally compliant waste treatment. Additionally, the struc-

tural health of the building must be assessed to determine deconstruction fea-

sibility (BMI & BMVg, 2018, pp. 41–44). Ideally, these data are systemati-

cally recorded and maintained during the use stage. Otherwise, they must be 

newly gathered through inspections, audits, or surveys. These processes 

should be documented within a deconstruction log to ensure process transpar-

ency and compliance (VDI 6210:2024-10 part 1, pp. 9–10). 

Beyond technical data, the analyzed information sources indicate additional 

data needs, including building usage history, maintenance records, financial 
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documentation for deconstruction, deconstruction permits, statutory protec-

tions, and environmental risk assessments. 

3.3.3 Cross-functional tasks 

3.3.3.1 Property valuation 

Property valuation is heavily dependent on building-related data, which form 

the basis for determining market value, investment potential, and financial 

risks. The required data typically include master data (e.g., building use type, 

location, age), inventory data (e.g., construction type, quality, size, heating 

system, room layout), and legal factors such as property rights, tenancy law 

ties, statutory protections, and encumbrances. 

Beyond these fundamental data categories, external factors, such as legal re-

quirements, valuation methodologies, actor preferences, and emerging market 

trends, also influence data needs (Meins et al., 2011, p. 6). Table 3.5 provides 

an overview of common property valuation methods and their specific build-

ing-related data needs. 

Table 3.5: Overview on methods for property valuation based on (ImmoWertV, 2021), 

Michl (2018), and International Association of Assessing Officers (2018) 

Method of property valu-

ation 

Underlying logic Special building-re-

lated data needs 

Comparable sales 

method 

Determines property 

value by comparing it 

to similar buildings 

Property characteris-

tics, building charac-

teristics (type, con-

struction method, size, 

condition) 

Replacement cost ap-

proach 

Determines value by 

summing preliminary 

replacement costs of 

the building and land 

value 

Inventory data on 

building elements 
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Investment method Calculates value based 

on potential income 

generation in the mar-

ket 

Economic data (rental 

revenues, operational 

costs) 

Hedonic pricing method A specialized compa-

rable sales method 

that uses statistical re-

gression analysis on 

sales prices 

Similar data as in the 

comparable sales 

method but with 

higher granularity and 

more quantifiable pa-

rameters 

Automated Valuation 

Models (AVMs) 

Data-driven valuation 

approach using ma-

chine learning and sta-

tistical models to ana-

lyze large datasets 

Extensive building-re-

lated and market data, 

including historical 

sales prices, rental in-

come, local economic 

indicators, building 

condition, and energy 

efficiency ratings 

 

A continuing trend in property valuation is the growing integration of sustain-

ability aspects into valuation methods. This shift reflects the increasing im-

portance of environmental and social building qualities in determining prop-

erty value. Previous research has established fundamental principles and 

guidelines for incorporating sustainability into valuation practices (Jäger, 

2021; Lorenz & Lützkendorf, 2011; Meins et al., 2011; H. Schäfer et al., 

2010). Another trend refers to the ongoing automation of property valuation 

and the integration with BIM models and machine learning algorithms (Su et 

al., 2021). 

Recent market developments indicate a gradual response to these needs, as 

meta-analyses show a positive impact of sustainability on real estate profita-

bility (Fuerst & Dalton, 2019, p. 174). As a result, data needs for property 

valuation are evolving, requiring additional building attributes to be consid-

ered in valuation models. The guidelines by Meins et al. (2011) (“NUWEL”) 

significantly enhance the list of relevant data points compared to traditional 

property valuation. 
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3.3.3.2 Risk management 

The literature highlights the importance of comprehensive building documen-

tation for effective risk management (H. Schäfer et al., 2010, p. 57; Wor-

schech, 2024, p. 148). As a cross-functional task, risk management requires a 

broad range of building-related data. To determine these data needs, various 

information sources were analyzed, including “VOEB-Immobilienanalyse”, a 

methodology for assessing the opportunity-risk profile of real estate from a 

banking perspective, alongside insights from Urschel (2010) and industry-spe-

cific insurance forms. 

The analysis reveals that risk management depends on all types of building-

related data, including: 

• Master data (e.g., building usage, location, age, maintenance status) 

• Inventory data (e.g., building elements, geometry, functional character-

istics) 

• Economic data (e.g., operating costs, revenues, property development 

potential) 

• Performance data (e.g., energy performance, emissions, environmental 

impacts) 

A key trend in risk management is the growing integration of sustainability 

aspects into risk assessment practices. Worschech (2024, pp. 124–134) devel-

oped a catalog of building characteristics to support this shift, enhancing port-

folio and risk management through established industry instruments. Addi-

tionally, he identified building characteristics influenced by megatrends 

shaping future real estate risk management (Worschech, 2024, pp. 139–141). 

In the context of building-related data, he distinguishes between location char-

acteristics and building characteristics. Many of these characteristics align 

with building qualities identified in section 3.1.2, further reinforcing the link 

between sustainability and risk assessment in real estate. 

3.3.3.3 Marketing 

In real estate marketing, building characteristics serve as a key element of 

product design. Actors involved in marketing rely on a substantial amount of 

building-related data to fulfill their tasks, particularly in transactions and 
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rentals. Real estate agents specialize in mediating between property owners 

and potential buyers or tenants, requiring access to essential property docu-

mentation. Helfrich (2021, pp. 53–72) lists key documents used as information 

sources, including: 

• Land register extracts (ownership, property size, restrictions, mortgages) 

• Parcel maps from land registers 

• Elevation drawings, floor plans, living space calculations 

• Building descriptions 

• Energy performance certificates 

A commonly used tool in real estate marketing is the real estate brochure (Ex-

posé), which condenses building-related data to highlight key features and 

amenities. The focus lies on general information (e.g., location, year of con-

struction, last renovation) and inventory data (e.g., living space area, floor 

plans, photo documentation, furnishings, and functional building properties 

such as accessibility and space efficiency). 

New trends and technologies are shaping data needs in real estate marketing. 

The increasing use of social media, video content, and virtual tours enhances 

property presentation, requiring more detailed building data. Tools such as 

virtual reality (VR) applications rely on accurate digital building models, often 

derived from BIM tools (Azmi et al., 2022, pp. 872–873). These advance-

ments influence which data real estate professionals prioritize to create im-

mersive and engaging marketing materials. 

3.3.4 Public sector tasks 

The public sector is responsible for supervising compliance with laws in the 

real estate industry. To fulfill this role, public authorities require selected 

building-related data on properties, buildings, actors, and processes. Given the 

variety of data needs, the public sector employs multiple instruments to collect 

and manage building-related information, primarily through three distinct yet 

interrelated administrative systems: 

• Real estate cadasters: Focus on the spatial and physical characteristics of 

land parcels, documenting boundaries, sizes, land use types, and 
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geographic coordinates. These records provide foundational spatial data 

essential for urban planning and infrastructure development. 

• Land registers: Address the legal dimensions of property, recording own-

ership, mortgages, and easements to ensure secure property rights and 

facilitate real estate transactions. 

• Building registers: Concerned with the attributes and conditions of build-

ings, including construction year, usage, energy efficiency, and technical 

specifications (Krause et al., 2022, pp. 26–27). 

These instruments are often closely related and the differences are not always 

clear. Together, however, they provide essential functions for the real estate 

industry (Adlington et al., 2021, p. 6). 

In Germany, real estate cadasters and land registers are already in place and 

serve as data sources for various administrative purposes. However, the intro-

duction of a national building register remains a subject of ongoing discussion 

(Krause et al., 2022, p. 25). Such a register could reduce reliance on costly 

statistical surveys by maintaining structured, up-to-date building-related data. 

In contrast, countries like Denmark and Switzerland have already imple-

mented comprehensive building registers, which contain master data (e.g., 

unique identification numbers, addresses, geographic coordinates, usage type, 

construction year, maintenance records), inventory data (e.g., building size, 

layout, heating system, materials, water supply, waste management connec-

tions), and legal data (e.g., property rights, statuary protections, building per-

mits). 

In Germany, some of these data are currently collected periodically through 

statistical surveys such as the Mikrozensus, highlighting the fragmented na-

ture of public-sector building data collection. 

3.3.5 Sustainability assessment and management 

The importance of sustainability assessment in the real estate industry is in-

creasingly recognized, driven by climate change and environmental crises. 

Since sustainability principles, spanning economic, environmental, and social 

perspectives, affect the entire building life cycle, they influence decisions 

across all stages and for all actors involved. 
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To integrate sustainability principles into decision-making, a variety of instru-

ments, tools, and methods have emerged in recent years. These sustainability 

assessment instruments provide a valuable foundation for identifying build-

ing-related data needs. Among the most significant are: 

• Standards from national and international standard bodies, such as ISO 

21931-1, DIN EN 15978 or DIN SPEC 91475 

• Building certifications, often referred to as green building certification 

systems or labels, which assess buildings against predefined sustainabil-

ity criteria and assign a rating (e.g., “Qualitätssiegel Nachhaltiger Woh-

nungsbau”, NaWoh) 

• Benchmark systems, such as the Global Real Estate Sustainability 

Benchmark (GRESB), which facilitate industry-wide sustainability com-

parisons. 

Sustainability assessments rely heavily on building-related data across differ-

ent categories. Master data, such as the building use type and location, are 

essential to define system boundaries, while inventory, economic, and perfor-

mance data provide the critical inputs for calculations, analyses, and assess-

ments. A distinct characteristic of sustainability assessments is that they do 

not merely consume data, they also generate new information. The assessment 

process itself produces additional performance data, mostly in the form of in-

dicators, contributing to a refined understanding of a building’s sustainability. 

As such, sustainability assessments serve as both a data consumer and an in-

formation source. 

3.3.6 Corporate sustainability reporting 

The demand for building-related data extends to the corporate level of real 

estate management, particularly due to the rise of sustainability reporting. Also 

referred to as non-financial reporting, sustainability reporting has evolved into 

a key tool for communicating a company's sustainable performance to its 

stakeholders. While the concept itself is not entirely new, established frame-

works such as the Global Reporting Initiative (GRI) have been in place for 

over two decades (Global Reporting Initiative [GRI], 2024), recent policy de-

velopments in Europe have significantly reshaped the reporting landscape. 
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A major driver of change has been the European Commission’s legislative 

efforts under the European Green Deal, following the Paris Climate Agree-

ment in 2015. Several instruments introduced in this context have increased 

the demand for building-related data: 

• The EU Taxonomy, initiated in 2020, establishes a classification system 

that defines criteria for determining whether an economic activity quali-

fies as sustainable or non-sustainable. Compliance requires inventory 

data on functional building characteristics, such as resilience against cli-

mate risks, primary raw material shares in building materials, or air tight-

ness (Climate Delegated Act, 2021). 

• The Sustainable Finance Disclosure Regulation (SFDR) mandates finan-

cial market participants to disclose how ESG factors are integrated into 

investment decisions. While its primary focus is on financial institutions, 

it indirectly impacts the real estate industry, as investors demand build-

ing-related data from the companies they fund (SFDR, 2019; Draft Del-

egated Act (RTS), 2022). 

• The Corporate Sustainability Reporting Directive (CSRD), adopted in 

2022, replaces and expands the Non-Financial Reporting Directive 

(NFRD). It introduces stricter and broader reporting requirements, sig-

nificantly increasing the number of companies subject to mandatory sus-

tainability disclosures (CSRD directive, 2022; C/2023/7020 final, 2023). 

The phased implementation began in 2024, with first reports due for the 

2024 fiscal year. 

While the EU Taxonomy directly specifies building-related economic activi-

ties, the SFDR and CSRD create indirect but substantial reporting demands. 

Real estate companies must collect and process large amounts of building-

related data, particularly regarding building performance. The SFDR estab-

lishes requirements for disclosing key indicators, such as energy performance, 

greenhouse gas (GHG) emissions, and waste volumes. Many of these indica-

tors also play a role in CSRD reporting, though their relevance is subject to a 

double materiality assessment, which determines which topics outlined by the 

directive are material to the reporting company. 

Most recently, the OMNIBUS Directive introduced a deferral of certain re-

porting requirements under the CSRD, slightly easing the immediate reporting 
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pressure on some companies (European Commission, 2025). However, this 

does not diminish the long-term need for substantial amounts of building-re-

lated data as mandated by the CSRD. 

3.3.7 Synthesis of building-related data needs 

3.3.7.1 Key observations from the analysis 

The analysis of task-based data needs across life cycle–oriented, cross-func-

tional, public-sector, and sustainability-related contexts reveals several over-

arching patterns. 

First, the dominant characteristic of building-related data needs is reuse across 

multiple tasks and contexts. Most data points, particularly master data, inven-

tory data, and legal data, are required repeatedly throughout the building life 

cycle and across different task areas. This highlights that building-related in-

formation is rarely task-exclusive, but instead forms a shared basis for diverse 

decisions and processes. 

Second, differences in data relevance between tasks arise less from fundamen-

tally different data categories than from variations in timing, update frequency, 

aggregation level, and data quality requirements. While the same core data 

recur across contexts, their role and required precision change depending on 

the task and decision horizon. 

Third, the analysis shows that data stability is a key distinguishing factor. 

Some data remain largely static over long periods, either due to physical char-

acteristics of the building or legal constraints (e.g., location, construction type, 

permits). Other data are inherently dynamic, such as performance, condition, 

and economic data, which require continuous updating during the use stage 

and gain importance in sustainability assessment and reporting contexts. 

Fourth, truly task-specific data represent only a small subset of building-re-

lated information. Even data that initially appear context-specific, such as de-

tailed maintenance records or assessment indicators, often contribute indi-

rectly to other tasks when aggregated, interpreted, or reused. 
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Overall, these observations indicate that building-related data needs are char-

acterized by high interdependence and temporal continuity, rather than by iso-

lated, task-bound information requirements. This finding provides the analyt-

ical basis for structuring building-related data in a unified and reusable 

manner, as further developed in the following classification approach. 

3.3.7.2 Derivation of the classification approach 

To systematically condense and structure the building-related data needs iden-

tified in the preceding analysis, a hierarchical classification in the form of a 

taxonomy is derived. This taxonomy represents a bottom-up synthesis of task-

based data requirements rather than a predefined data model or an a priori 

classification scheme. 

The choice of a hierarchical structure reflects the empirical findings of the 

analysis. The recurring reuse of building-related data across multiple tasks and 

contexts, together with differences in data stability and update dynamics, ne-

cessitates a classification that allows both aggregation and differentiation. At 

the same time, the taxonomy accommodates varying levels of abstraction 

without requiring exhaustive specification of all individual data points. 

At the highest level, the taxonomy distinguishes data domains that group 

building-related information according to their functional role and temporal 

characteristics. These domains are directly derived from the analysis of task-

specific data needs and include master data, inventory data, economic and le-

gal data, and performance data. Each domain is further subdivided into data 

categories and, where necessary, into more granular data points (Figure 3.4). 

To support clarity, traceability, and extensibility, each element of the taxon-

omy is assigned an unambiguous identifier using a structured numbering sys-

tem. This approach follows established conventions in the real estate and con-

struction sector, such as those applied in DIN 276:2018-12 and DIN 277:2021-

08, and allows for future expansion of the taxonomy as new data requirements 

emerge. 
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Figure 3.4: Extract from the taxonomy of building-related data  

While the taxonomy provides a structured representation of building-related 

data needs, it does not define data semantics, relationships, or quality require-

ments. Its purpose is to classify and organize information requirements, 

thereby providing a foundation for subsequent specification of data models 

and information systems. A detailed breakdown of the taxonomy including 

explanations of all categories can be found in section B.5. 

3.3.7.3 Master data 

Master data constitute the most stable domain within the taxonomy and pro-

vide the structural reference for organizing building-related information 

across tasks and life cycle stages. Their defining characteristic is not task spec-

ificity, but their repeated use as identifiers, classifiers, and contextual anchors 

in nearly all analyzed contexts. 

This domain includes data required for unambiguous identification and clas-

sification of buildings, such as usage type, location, involved actors, key dates, 

and planning and construction records. Due to their limited rate of change, 

master data establish continuity across life cycle stages and enable the con-

sistent linkage of inventory, economic, legal, and performance data. 

By structuring master data as a distinct domain, the taxonomy reflects their 

foundational role in information management and supports reuse across 
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Economic

and legal data

400: 
Performance 

data
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diverse applications. An overview of master data categories is provided in 

Table 3.6, while detailed explanations are given in section B.5.1. 

Table 3.6: Overview on master data categories in the taxonomy 

100 Master data 

110 Identification 

120 Building usage 

130 Actor information 

140 Important dates 

150 Location and site data 

160 Planning record 

170 Construction record 

180 Maintenance and usage log 

190 Real estate management and transaction log 

 

3.3.7.4 Inventory data 

Inventory data capture the physical and technical realization of a building and 

represent the core interface between planning, operation, and end-of-life tasks. 

This domain aggregates information describing geometry, materials, compo-

nents, technical systems, and functional properties of the built asset. 

Across the analyzed tasks, inventory data are required in varying levels of de-

tail and abstraction, ranging from design documentation and facility manage-

ment to valuation, sustainability assessment, and deconstruction planning. 

Their relevance is therefore characterized by broad reuse combined with mod-

erate update frequency, particularly during renovations and refurbishments. 

The taxonomy consolidates these data into a coherent inventory domain to 

ensure traceability of physical building characteristics throughout the life cy-

cle. Table 3.7 summarizes the inventory data categories, with detailed descrip-

tions provided in section B.5.2. 
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Table 3.7: Overview on inventory data categories in the taxonomy 

200 Inventory data 

210 Building geometry 

220 Material and mass data 

230 Building components 

240 Building services 

250 Furnishing and equipment 

260 Fixtures and fittings 

270 Outdoor facilities 

280 Room (book) information 

290 Functional building properties 

 

3.3.7.5 Economic and legal data 

Economic and legal data structure the financial, contractual, ownership-re-

lated, and regulatory dimensions of buildings. This domain reflects data needs 

arising primarily from valuation, risk management, transactions, reporting, 

and public-sector supervision. 

Unlike inventory data, economic and legal data are shaped less by physical 

change and more by market dynamics, contractual arrangements, and regula-

tory frameworks. Their relevance is therefore closely linked to decision-mak-

ing contexts that require formalized, verifiable, and often standardized infor-

mation. 

By grouping these data into a distinct domain, the taxonomy accommodates 

the recurring reuse of financial and legal information across tasks while main-

taining clear separation from physical building attributes. Table 3.8 provides 

an overview of economic and legal data categories. Further details are availa-

ble in section B.5.3. 
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Table 3.8: Overview on economic and legal data categories in the taxonomy 

300 Economic and legal data 

310 Life cycle cost 

320 Revenues 

330 Property value 

340 Taxes 

350 Property rights and legal liabilities 

360 Contracts 

370 Building permits, approvals, and compliance documents 

 

3.3.7.6 Performance data 

Performance data represent the most dynamic domain within the taxonomy 

and encompass information on energy use, emissions, environmental impacts, 

resource flows, and social and functional aspects of building operation. Their 

growing relevance reflects the increasing importance of sustainability assess-

ment, operational optimization, risk management, and corporate reporting. 

A distinctive characteristic of this domain is that performance data are fre-

quently generated through monitoring, calculation, or assessment processes 

and require regular updating. As a result, performance data often serve both 

as inputs for decision-making and as outputs of analytical processes, particu-

larly in sustainability-related contexts. 

The taxonomy consolidates performance-related information into a separate 

domain to account for its temporal dynamics and cross-cutting relevance. 

Table 3.9 summarizes the performance data categories, while comprehensive 

explanations are provided in section B.5.4. 
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Table 3.9: Overview on performance data categories in the taxonomy 

400 Performance data 

410 Energy performance 

420 Emissions 

430 Environmental impact 

440 Resource flows and efficiency 

450 Sustainability assessment log 

460 Social and functional performance 

 

3.4 Issues in information management 

As shown in the previous section, building-related data are required through-

out the entire building life cycle for a wide range of tasks and decision-making 

processes. In principle, this creates a strong incentive for actors in the real 

estate industry to systematically create, maintain, and exchange information. 

In practice, however, substantial deficiencies in information management per-

sist, leading to data losses, inefficiencies, and information asymmetries. 

This section examines recurring issues in building-related information man-

agement across the building life cycle. It first identifies critical points at which 

information losses and transfer problems frequently occur (section 3.4.1) and 

then analyzes structural causes related to actor behavior, industry-specific con-

ditions, and information asymmetries (section 3.4.2). The analysis further 

shows how these structural issues manifest in data-related problems (section 

3.4.3) and discusses their impacts on actors and decision-making processes 

(section 3.4.4). The chapter builds on relevant literature and selected insights 

from expert interviews (section B.1) 

3.4.1 Critical points in the building life cycle 

Critical challenges in information management frequently arise at transition 

points between life cycle stages, where responsibilities shift and information 

must be transferred between changing actor constellations. The literature de-

scribes such disruptions as media discontinuities, referring to situations in 
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which information is not consistently transferred across stages (Kurzrock et 

al., 2019, p. 272). These discontinuities impede continuous data retention 

throughout the building life cycle and contribute to long-term information 

losses (Mehlis, 2005, p. 171). 

The transition from development to construction represents a first critical 

point. This transition is often fluid, as no standardized definition clearly dis-

tinguishes project development from construction. As project complexity and 

the number of involved actors increase, managing building-related data be-

comes more challenging. While communication and coordination are empha-

sized for cost, time, and quality management, structured data transfer is fre-

quently neglected. Changing responsibilities, limited awareness of the future 

relevance of development stage data, and insufficient tool support contribute 

to information losses. As a result, essential information such as user require-

ments or fundamental design decisions may be unavailable in later stages. 

A second major critical point occurs at the transition from construction to use. 

During construction, extensive data are generated on building design, materi-

als, and technical systems. However, ensuring that this information is trans-

ferred to building owners and operators remains problematic. Although regu-

latory frameworks and standards partly require documentation, enforcement 

is inconsistent and the scope of handover documentation is often unclear or 

fragmented (Seaton et al., 2022, p. 29). Builders typically have limited finan-

cial incentives to provide comprehensive as-built documentation, while build-

ing owners may not actively request available data due to a lack of awareness 

of its long-term value. The absence of clear criteria defining which data must 

be transferred further exacerbates these problems (Zhu et al., 2021, p. 162). 

Insufficient knowledge transfer at this stage has long-term consequences for 

building operation, maintenance, and future interventions (Whyte et al., 2016, 

p. 3). 

The transition from use to end-of-life constitutes a third critical point. With 

increasing attention to controlled deconstruction and material recovery, relia-

ble information on a building’s composition, modifications, and maintenance 

history becomes essential. Such information depends not only on complete 

data transfer from construction to use but also on continuous documentation 

throughout the use phase. When data have not been systematically maintained 
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or updated, significant additional efforts are required prior to demolition or 

material reuse. 

Beyond life cycle transitions, transactions represent a recurring challenge for 

information management. Potential buyers require building-related infor-

mation to assess whether properties meet their requirements, yet current own-

ers may be unable or unwilling to provide sufficient data. While due diligence 

processes can compensate for missing information in larger transactions, they 

are costly and reflect underlying information asymmetries. These asymmetries 

are characteristic of the real estate industry and are closely linked to principal–

agent constellations discussed in section 3.4.2.3. 

Figure 3.5 contrasts two ideal-typical patterns of information handling across 

life cycle stages: sporadic, task-driven data collection, which leads to cumula-

tive information losses at stage transitions, and a hypothetical continuous re-

tention of information, which serves as a conceptual reference for illustrating 

the magnitude of these losses. 

 

Figure 3.5: Sporadic vs continuous data collection throughout the building life cycle based 

on Sacks et al. (2018, p. 125) 
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Overall, the analysis shows that transitions between life cycle stages have a 

particularly strong impact on the availability and continuity of building-related 

data. 

3.4.2 Strcutural causes of information management 
problems 

3.4.2.1 Actor behaviors and incentives 

At the actor level, decisions regarding the creation, maintenance, and 

exchange of building-related data are strongly influenced by the perceived 

costs and benefits of information management. A key challenge lies in the 

long-term character of building-related data: while the effort and costs of data 

creation typically arise at specific points in time, the benefits often materialize 

much later, frequently in subsequent life cycle stages and for different actors. 

Given that building-related data can remain relevant for several decades (Jas-

kula et al., 2022, p. 6), actors tend to discount future benefits when making 

short-term decisions. 

In addition, actors often struggle to quantify and monetize the benefits of high-

quality data, whereas the associated costs, such as time, effort, or investments 

in tools, are more tangible. This imbalance complicates cost–benefit assess-

ments and reduces the willingness to invest in systematic information manage-

ment. Uncertainty regarding the future relevance of data and the development 

of costs and benefits further reinforces this reluctance, particularly as risks and 

opportunities related to data are rarely integrated into risk management or stra-

tegic planning. 

Beyond these rational considerations, behavioral and psychological factors 

also play a role. Data sharing and communication require trust and cooperation 

between actors, yet the real estate industry is characterized by fragmented 

responsibilities and limited continuity of collaboration. This can result in 

conscious or unconscious reluctance to share information, which is often rein-

forced by mutual blame between actors for perceived failures in planning, 

construction, or use, a phenomenon described as the vicious cycle of blame 

(Hartenberger et al., 2008, p. 3). 
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3.4.2.2 Industry-specific coonditions and market structures 

Actor-specific behavior is embedded within broader industry-specific condi-

tions that further constrain effective information management. The real estate 

industry is characterized by a high degree of fragmentation, both in terms of 

actor constellations and the instruments used to manage building-related data. 

Different task areas and life cycle stages rely on overlapping data needs, yet 

these are addressed through a multitude of isolated standards, tools, and doc-

umentation practices. As a result, data are often created repeatedly for specific 

purposes without being retained or reused across stages. 

Another structural barrier is the lack of established business models and mar-

ket mechanisms that reward investments in information management. Actors 

who create or maintain building-related data are often not compensated for the 

long-term value these data generate for others. On the demand side, building 

owners and other decision-makers frequently do not commission comprehen-

sive data creation because the benefits are uncertain or accrue beyond their 

immediate scope of action. This weak willingness to pay limits financial in-

centives for data providers and contributes to the persistence of niche solutions 

rather than holistic approaches. 

Furthermore, the real estate industry is often described as a slow adopter of 

digital technologies, despite the significant potential of digitization for im-

proving information management (Klinc & Turk, 2019, p. 402). Low levels of 

digitization and innovation, combined with a lack of widely adopted instru-

ments such as BISs, hinder the systematic integration of data across life cycle 

stages. 

3.4.2.3 Information asymmetries and principal-agent-

constellations 

Many of the structural challenges described above are reinforced by persistent 

information asymmetries between actors, which can be explained using prin-

cipal–agent theory (section B.6). Principal–agent constellations arise when 

one actor (the agent) holds more or different information about a building than 

another actor (the principal), for example in relationships between buyers and 

sellers, landlords and tenants, or clients and service providers (Ceric & Ivic, 

2021, p. 2451; Rohde et al., 2011, p. 19). 
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In the real estate industry, information asymmetries are particularly pro-

nounced due to the heterogeneity, longevity, and limited transparency of 

buildings. In some cases, both parties lack sufficient information about the 

building, exposing them to increased risks and uncertainties (Rohde et al., 

2011, pp. 19–20). These constellations can result in reduced building or ser-

vice quality, additional costs, loss of trust, and increased administrative effort 

(Lützkendorf & Speer, 2005, p. 186). 

Politics has recognized the downsides of information asymmetries in princi-

pal-agent constellations. Thus, it is one objective of new reporting obligations, 

such as the SFDR, to reduce these information asymmetries and increase trans-

parency in the market with a focus on sustainability matters (SFDR, 2019, 

p. 10). 

3.4.3 Data-specific issues 

Data constitute a central resource for information management across all life 

cycle stages of buildings. Throughout their creation, collection, storage, ex-

change, maintenance, and use, data frequently fail to meet the requirements of 

actors in the real estate industry. The following data-specific issues are widely 

discussed in the literature, with the underlying sources approaching infor-

mation management from different disciplinary and practical contexts, and re-

cur across different life cycle stages and task areas (Chamari et al., 2022, 

pp. 15–16; Hartenberger & Lorenz, 2017, p. 27; Hartenberger et al., 2021, 

p. 13; Jaskula et al., 2022, p. 7; Starzner et al., 2007, p. 99).  

A first group of issues concerns the availability and accessibility of data. In 

many cases, required data are missing entirely because they were never cre-

ated, not systematically collected, or not retained beyond a specific purpose or 

stage. Even when data exist, actors may be unable to locate or access them due 

to fragmented storage, unclear responsibilities, or restricted access rights. 

Such gaps are particularly problematic at stage transitions, where data transfer 

is required but not sufficiently supported. 

A second group relates to data quality and validity. Data may be false, incom-

plete, inconsistent, or outdated as a result of imprecise data collection, insuf-

ficient quality control, or changes to the building that are not properly 
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documented, for example during maintenance or renovation. Over time, orig-

inally valid data may lose their relevance if updates are not systematically im-

plemented. These quality issues reduce trust in available data and limit their 

usability for decision-making. 

A third group of issues concerns usability and interoperability. Data may be 

redundant, irrelevant for specific tasks, or incomprehensible to the receiving 

actor due to inappropriate formats, excessive volume, or a lack of standardized 

terminology and data models. Incompatible data structures and systems fur-

ther hinder the integration and processing of data across tools and organiza-

tions, resulting in interoperability problems and inefficient workflows. 

Finally, governance-related issues affect the handling of building-related data 

across the life cycle. Ownership, responsibilities, and operational control over 

data are often unclear, leading to uncertainties regarding data maintenance, 

verification, and sharing. These issues are frequently accompanied by a lack 

of trust between actors and insufficient mechanisms for data quality assurance, 

which further aggravate existing information asymmetries. 

Taken together, these data-specific issues occur across all life cycle stages of 

buildings and affect a wide range of actors and task areas in the real estate 

industry. Their persistence and recurrence highlight that deficiencies in data 

availability, quality, usability, and governance are not isolated phenomena but 

constitute a systemic challenge for building-related information management. 

3.4.4 Impacts of poor information management 

The information management problems described in the previous sections lead 

to a range of negative impacts for actors and decision-making processes in the 

real estate industry. These impacts, which are discussed in the literature and 

synthesized here based on existing analyses (Hartenberger et al., 2021, p. 13), 

often do not occur in isolation but reinforce each other over time and across 

life cycle stages. 

One major impact concerns financial losses and additional costs. Missing, in-

accessible, or inconsistent data frequently require regeneration, repeated data 

collection, or extensive verification efforts. These activities increase 
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transaction costs for building owners, users, and service providers and may 

lead to inefficient allocation of resources throughout the building life cycle. 

Poor information management further results in increased risks and uncertain-

ties. Incomplete or unreliable data impair the assessment of technical, finan-

cial, legal, and environmental risks, limiting the ability of actors to make well-

informed decisions. This is particularly critical in contexts such as investment 

decisions, renovation planning, and compliance with regulatory requirements. 

Another impact relates to operational inefficiencies and productivity losses. 

Fragmented or poorly structured data hinder coordination and collaboration 

between actors, especially in many-to-many communication settings. In buil-

ding operation and facility management, inadequate data availability can dis-

rupt workflows, delay interventions, and reduce overall process efficiency. 

Deficiencies in information management also affect trust and transparency. 

When data are inconsistent, outdated, or unverifiable, confidence in their reli-

ability decreases, which can undermine cooperation between actors. Unequal 

access to information further contributes to information asymmetries, distorts 

negotiations, and may exacerbate existing principal–agent problems. 

Finally, poor information management constrains strategic asset and portfolio 

management. Without a coherent and reliable data foundation, it becomes dif-

ficult to assess building performance, identify optimization potentials, or de-

velop long-term strategies. As a result, opportunities for improving operatio-

nal performance, planning renovations, or enabling future-oriented 

approaches such as material reuse or adaptive use are frequently missed. 

3.4.5 Summary of issues and solution approaches 

The analyses in sections 3.4.1 to 3.4.4 have shown that problems in building-

related information management in the real estate industry arise from the in-

teraction of multiple, interdependent factors. Information losses occur repeat-

edly at transitions between life cycle stages, are reinforced by fragmented ac-

tor constellations and communication structures, and are further aggravated 

by persistent data-specific deficiencies. Over time, these problems accumulate 
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and lead to significant negative impacts for actors and decision-making pro-

cesses. 

Figure 3.6 synthesizes the previously discussed actor-related, data-related, and 

process-related aspects of information management problems by illustrating 

their interdependencies within typical actor and communication constellations 

in the real estate industry. Rather than representing a single problem dimen-

sion, the figure highlights the structural complexity underlying information 

management and helps explain why deficiencies persist across life cycle stages 

despite the availability of data in principle. 

 

Figure 3.6: Overview on common issues in building-related information management 

Given this systemic character, it is unlikely that isolated or purely incremental 

measures can sufficiently address the identified problems. Effective improve-

ments in information management therefore require a combination of comple-

mentary approaches that jointly target organizational processes, data quality, 

technological support, and the surrounding economic and regulatory frame-

work conditions. 

To structure this solution space, Table 3.10 distinguishes several dimensions 

of information management solutions according to their type, level of 
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application, and degree of regulation. These dimensions include improve-

ments in process quality, enhancements in data quality, the use of information 

and communication technologies, and the application of assisting instruments 

and tools. The table does not represent a catalogue of concrete measures but 

serves as an analytical framework for classifying different approaches and un-

derstanding their scope and limitations. 

Table 3.10: Dimensions of information management solutions for the real estate industry 

Type of solution Level of application Degree of regulation  

Improvement of pro-

cess quality in infor-

mation management 

Individual and corpo-

rate level 

Changes through regu-

lation 

Improvements of data 

quality 

Real estate industry 

level 

Changes through 

standards 

Use of ICT  Economy level Changes through mar-

ket incentives 

Use of assisting instru-

ments and tools in-

cluding BISs 

 Changes through new 

or improved business 

models 

 

The classification in Table 3.10 illustrates that approaches to improving infor-

mation management in the real estate industry address different problem di-

mensions and operate at different levels of application. Process-oriented 

measures, improvements in data quality, technological support, and the use of 

assisting instruments and tools are complementary rather than mutually exclu-

sive. As the deficiencies identified in this section are systemic and interde-

pendent, isolated measures targeting only a single dimension are unlikely to 

be sufficient on their own. 

Within this structured solution space, BISs can be understood as one class of 

assisting instruments that relates to several of the identified dimensions. Their 

relevance in the context of this thesis lies in their potential to connect organi-

zational, data-related, and technical aspects of information management. At 

this stage, BISs are therefore positioned neither as a predefined solution nor 
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as a stand-alone measure, but as an object of further analysis within the 

broader set of possible approaches. 

3.5 Summary 

Chapter 3 analyzed information management throughout the life cycle of a 

building as one analytical basis for deriving requirements for a holistic BIS. 

The chapter focused on building-related data, their creation and use across life 

cycle stages, and the challenges associated with managing these data in the 

real estate industry. The following key findings were derived: 

• Building-related data constitute the core resource of building-related in-

formation management. A clear definition of the term supports navi-

gating the large amount and diversity of data handled by actors in the real 

estate industry. In this thesis, building-related data are understood as 

quality characteristics and properties referring to individual buildings, 

encompassing both static and dynamic data. 

• Building-related data are created throughout the entire life cycle of build-

ings. Multiple opportunities exist to collect these data at the time of their 

creation. Standards and regulatory frameworks provide specifications re-

garding which data should be collected, particularly for the transition 

from the construction stage to the use stage. 

• Across all life cycle stages, actors require building-related data to fulfill 

their tasks. The analysis of task areas and their data needs, as well as 

similarities and differences between these needs, represents a novel per-

spective in the research field. The findings indicate a high overall demand 

for building-related data combined with substantial overlaps between 

task areas, which informed the development of a taxonomy of core data 

and documents for real estate management. 

• The real estate industry faces significant challenges in information man-

agement. Building-related data are often insufficiently available, leading 

to losses in efficiency and transparency, reduced value creation, and ad-

ditional costs. These challenges arise from a combination of actor-spe-

cific behavior, industry-specific structures, and systemic information 

management deficiencies. At the same time, different approaches for 
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improvement exist, including organizational, regulatory, and technolog-

ical measures. 

Overall, the analysis highlights a lack of life cycle-oriented, cross-task, and 

cross-actor approaches to data storage, maintenance, and use. The findings of 

this chapter provide an essential foundation for the subsequent derivation of a 

requirement profile for BISs in chapter 5. 
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4 Technologies for managing 
building-related data 

Effective management of building-related data is essential for BISs across the 

building life cycle. As data complexity increases, digital technologies provide 

critical capabilities for collecting, storing, sharing, analyzing, and securing 

building-related information. This chapter examines these technologies, ana-

lyzing their potentials, challenges, and implications for BISs. 

The chapter follows core stages of information management, among other 

things, assessing how data collection methods support structured and ma-

chine-readable formats (section 4.1), how storage solutions impact scalability 

and modularity (section 4.2), and how data sharing mechanisms enhance in-

teroperability (section 4.3). It further discusses data quality management as 

an integral aspect across these processes (section 4.4), explores the role of 

data analytics in deriving value from building-related data (section 4.5), and 

evaluates data security strategies, including access control, governance mod-

els, and blockchain technology (section 4.6). The analysis highlights key in-

terdependencies between these tasks, providing a basis for the requirement 

profile developed in chapter 5. 

 

Figure 4.1: Structure of chapter 4 
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4.1 Data collection 

Four main types of building-related data collection can be distinguished, serv-

ing as the basis for analyzing the respective ICTs. 

 

Figure 4.2: Differentiation of different types of data collection 

Original data collection is essential for building-related information manage-

ment to reliably capture building attributes in reality. A differentiation can be 

made between original collection of geometric data, where spatial data are 

collected with the help of lasers, radars, or photos for example, and alphanu-

meric data, which refers to the direct entry of textual, numerical or categorical 

data and the capturing of real-time data through sensors, for example. Second-

ary data collection takes in a substantial role to leverage the potential of exist-

ing information sources and thus reduce the effort for original data collection. 

From a BIS perspective, this differentiation is essential because it determines 

which data can be natively integrated, which require transformation, and 

where information loss or quality degradation is most likely to occur. 
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Geometric data collection is experiencing changes through modern technolo-
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and limited scalability. However, in certain niche applications, manual or 

semi-automated approaches still offer value where adaptability is required. 

Modern survey techniques, including photogrammetry, laser scanning, Li-

DAR, and radar, have been demonstrated to outperform traditional methods in 

terms of accuracy, efficiency, and cost-effectiveness (Olofsson et al., 2024, 

p. 14). 

Despite their strengths, these technologies require careful consideration re-

garding their application. Differences in data accuracy, processing demands, 

and implementation costs affect their suitability for specific use cases. Photo-

grammetry is generally more accessible but depends heavily on lighting and 

surface texture. LiDAR and laser scanning provide high precision and dense 

point clouds but may entail higher costs and computational requirements. Ra-

dar, although less commonly used for above-ground 3D modeling in the built 

environment, can be valuable for detecting subsurface structures or in adverse 

weather conditions (Almukhtar et al., 2021, p. 216; Gordon et al., 2024, p. 43). 

Geometric data collection technologies are typically not part of BISs them-

selves but operate as upstream systems whose outputs strongly shape the usa-

bility of building-related data. From a BIS perspective, the critical requirement 

is therefore not the operation of survey technologies, but the ability to ingest, 

validate, version, and semantically enrich geometric datasets in standardized 

and interoperable formats. The effectiveness of geometric data collection for 

BISs lies in its capacity to provide accurate and structured information that 

can be seamlessly integrated into digital representations such as BIM models 

and digital twins. While advances in automation, including scan-to-BIM 

workflows, data cleansing, and semantic enrichment, have improved integra-

tion efficiency, manual intervention remains necessary for complex geome-

tries and heterogeneous existing buildings. Ensuring interoperability between 

geometric data sources and BISs thus remains a central requirement across 

building life cycle stages (Gordon et al., 2024, p. 45; Rashdi et al., 2022, 

p. 20).  



4  Technologies for managing building-related data 

104 

4.1.2 Secondary collection of geometric data 

The feasibility and efficiency of secondary collection of geometric data largely 

depend on the characteristics of the information source, particularly its degree 

of structuration and semantic depth. The less structured a source is, the greater 

the effort to extract usable geometric data (Soibelman et al., 2008, p. 16).  

The least structured sources, such as paper-based blueprints, hand-drawn 

sketches, and physical models, require digitization as a first step. Scanning 

technologies convert hardcopy drawings into digital raster formats, but addi-

tional processing is needed to extract geometric information. Vectorization 

techniques, often supported by AI-based feature recognition, can convert ras-

ter images into structured vector formats. However, inconsistencies in the 

original documents, such as distortions, missing details, or outdated infor-

mation, require data cleansing and manual correction before integration into 

digital environments. Substantial advancement in this field could be achieved 

within the last years through ML-based methodologies (Pizarro et al., 2022, 

pp. 1–3).  

Digital 2D drawings, such as CAD files or scanned vector-based PDFs, offer 

a higher level of structuration but can lack semantic depth. While geometric 

relationships (e.g., lines, curves, and layers) can be extracted digitally, these 

formats do not necessarily provide standardized object-based representations 

or metadata (Mayer, 2018, pp. 304–306). Automated pattern recognition and 

rule-based interpretation can assist in identifying structural elements, but ad-

ditional manual refinement is often necessary to ensure consistency and cor-

rectness. Advances in AI-driven classification methods are improving the abil-

ity to infer meaningful building components from such sources (Pizarro et al., 

2022, p. 3).  

Highly structured and semantically rich sources, such as IFC-based BIM mod-

els or GIS datasets, provide the most direct way to extract geometric data. 

These models explicitly define objects, spatial relationships, and metadata, al-

lowing for structured querying and efficient data retrieval. The focus in sec-

ondary collection shifts from standardization, digitization, and processing to-

ward interoperability and format conversion, ensuring compatibility between 

different systems (Costin et al., 2022, p. 24). While data consistency and 
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versioning remain challenges, ICT solutions facilitate integration by leverag-

ing application programming interfaces (APIs), data standards, and ontology-

based mappings. These technologies will be further analyzed in the section on 

data sharing (4.3). 

BISs need to integrate data quality requirements to ensure the reliable use of 

geometric data, which may also involve defining data models that specify in-

tegration requirements. Given the complexity of geometric data collection, 

specialized tools and systems are typically used for this purpose. These sys-

tems must be interoperable with BISs responsible for the long-term storage 

and management of geometric data, ensuring seamless data exchange and con-

sistency across different applications. 

4.1.3 Original collection of alphanumeric data 

The original collection of alphanumeric data in buildings depends on the life 

cycle stage and the type of information required. During construction, data 

entries primarily serve documentation purposes, ensuring that execution aligns 

with design specifications. This includes material usage, work progress, and 

compliance records. While standard documentation tools are commonly used, 

ICT can improve efficiency by structuring data collection and integrating it 

into BISs. Wearable technology, for example, when worn by construction 

workers, offers real-time monitoring capabilities specifically for safety and 

health monitoring (Awolusi et al., 2018, p. 96), but is less relevant for captur-

ing building-related data in a narrower sense. Radio Frequency Identification 

(RFID) and barcode tagging can be relevant technologies to collect building 

product data throughout the construction process depending on the situational 

requirements (Moselhi et al., 2020, p. 4). 

During the use stage, alphanumeric data collection is primarily driven by sen-

sor technology as part of technical monitoring. Sensors can facilitate non-de-

structive structural health monitoring by collecting data on the condition of 

building elements (Preethichandra et al., 2023). They are also key to determine 

resource flows and performance metrics that build on the measured values 

(Frei et al., 2020, p. 2). As part of Wireless Sensor Networks (WSNs) and 

Internet of Things (IoT) applications, sensors communicate with each other 
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(Atta & Talamo, 2020, p. 269). These systems are increasingly applied in 

smart building infrastructures and integrated with digital twins to assess build-

ing performance and to manage building services (Kontaxis et al., 2022).  

The benefit of sensor-based data depends on its integration into BISs, which 

must process, structure, and utilize them effectively. While sensors are essen-

tial for systems managing building operations, such as BAMSs and smart 

building solutions, their cost-benefit ratio within the real estate industry re-

mains a critical factor (Arabshahi et al., 2021, p. 15). BISs must account for 

these economic considerations when integrating sensor-driven data collection. 

From a technical standpoint, data interoperability and the seamless integration 

of data points play a crucial role.  

4.1.4 Secondary collection of alphanumeric data 

For building-related information management throughout the life cycle, sec-

ondary collection of alphanumeric data is essential. Often, relevant building-

related data already exist but are not in the right format, quality, or shared with 

the right actors. Technologies for secondary data collection not only support 

format transformation and quality improvements but also drive digitization, 

which is crucial for the application of BISs. The effectiveness of these tech-

nologies depends on the existing data format and quality, influencing their role 

in BISs.  

While many collection processes in the industry still rely on manual methods, 

modern technologies enhance efficiency and integration. Optical Character 

Recognition (OCR) enables the digitization of scanned documents, converting 

analog text into searchable and structured digital formats (Kurzrock et al., 

2023, p. 22). However, applying OCR to heterogeneous datasets remains a 

challenge, particularly in specific domains. New approaches combine OCR 

with AI and machine learning algorithms to improve accuracy and automate 

data structuring, further contributing to the digitization of building-related 

data (Raj et al., 2023, p. 651). The broader potentials of AI and computer vi-

sion are addressed in the context of data analytics (section 4.5).  

Digitized data generated by OCR forms an essential basis for advanced infor-

mation retrieval from unstructured sources. Using advanced search engines 
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and Natural Language Processing (NLP) techniques, BISs can extract, inter-

pret, and structure relevant information from extensive document repositories, 

considerably reducing manual effort and enhancing data accessibility. NLP-

driven metadata extraction further improves usability, for example by auto-

matically linking documents to related building elements, regulations, or op-

erational information (Bilal et al., 2016, p. 511; Di Giuda et al., 2020, p. 98).  

Secondary data collection also includes automated retrieval processes from 

external sources, such as web scraping for product databases or material prop-

erties (Hong et al., 2019, p. 237). Additionally, standardized querying mecha-

nisms, for example in connection with semantic web technologies (section 

4.3.2), allow BISs to access pertinent data points from existing datasets in real-

time, ensuring the information remains actionable and up-to-date (Bonduel et 

al., 2022, p. 29). Whether integrated directly into BIS platforms or operating 

as complementary tools, these technologies play a pivotal role in making ex-

isting building-related data more structured, usable, and interoperable. 

4.2 Data storage 

Within this section, data storage solutions for building-related data in the con-

text of BISs are analyzed. Four essential issues, that are closely linked to each 

other, are considered: the consideration of different storage paradigms (section 

4.2.1), the specification of a data architecture (section 4.2.2), the suitability of 

different types of databases (section 4.2.3), and the choice between local and 

cloud-based storage approaches (section 4.2.4). For BISs, these storage-re-

lated decisions are not primarily technical choices but long-term design deci-

sions that affect scalability, interoperability, governance, and data quality 

across the building life cycle. 

4.2.1 Architectural patterns and storage paradigms 

Different architectural patterns provide alternative ways of organizing data 

storage and processing in information systems, each involving specific trade-

offs regarding scalability, modularity, control, and resilience (Table C.2). In 

the context of BISs, these patterns are not ends in themselves but design 
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options that influence how building-related data can be managed over long life 

cycles and across multiple actors. 

Traditional client–server architectures enable centralized data storage and 

controlled access, supporting data consistency and enforceable security poli-

cies. However, as the number of users, data sources, and transactions in-

creases, scalability limitations may arise, often requiring additional infrastruc-

ture or cloud-based extensions. Tiered architectures address some of these 

limitations by separating system functions across multiple layers, improving 

modularity and integration capabilities at the cost of increased system com-

plexity. Peer-to-peer (P2P) architectures, by contrast, support decentralized 

data exchange without a central authority, enhancing resilience and reducing 

single points of failure. These advantages come with higher coordination and 

synchronization requirements and may be constrained by heterogeneous com-

puting power and network quality among peers (Hansen et al., 2019, p. 612; 

Krcmar, 2015, p. 347; Sunyaev, 2020, pp. 36–44) 

For BISs, these architectural patterns are relevant primarily in terms of gov-

ernance and control. Centralized and tiered approaches can simplify access 

management and responsibility allocation, while decentralized approaches can 

support collaborative, multi-actor data environments. 

Microservices architecture represents a more recent development that is par-

ticularly relevant for BISs with evolving requirements. Originating from ser-

vice-oriented architecture (SOA), microservices decompose system function-

ality into fine-grained, independently deployable services that communicate 

via APIs. APIs enable standardized, automated data exchange between soft-

ware systems by defining how data and functions can be requested and pro-

vided. Compared to monolithic systems, microservice architecture enables se-

lective scaling, incremental updates, and the integration of heterogeneous 

technologies. These characteristics are especially advantageous for BISs, 

which must accommodate new data sources and analytical functions over 

time. At the same time, microservices introduce challenges related to service 

orchestration, data consistency, and inter-service communication, requiring 

robust coordination mechanisms (F. Auer et al., 2021; Bushong et al., 2021; 

Söylemez et al., 2022).  
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Figure 4.3 illustrates a typical microservices architecture, highlighting the in-

teraction between client applications, the master node for orchestration and 

discovery, and distributed execution across multiple service nodes. 

 

Figure 4.3: Example for a microservice architecture (Kehrli, 2021) 

Closely related to architectural patterns are data storage paradigms, which de-

fine how data are physically distributed across systems. Centralized storage 

offers simplicity and direct control but introduces single points of failure. Dis-

tributed and parallel systems improve scalability and resilience but rely on 

reliable network infrastructure and synchronization mechanisms. Federated 

storage models, which are particularly relevant for BISs, provide unified ac-

cess to heterogeneous and autonomous data sources while preserving local 

control. This enables cross-organizational data integration but increases com-

plexity in terms of interoperability, consistency, and governance  (Rahm et al., 

2015, pp. 43–74). 

The choice of architectural pattern and storage paradigm is often constrained 

by existing technology stacks, organizational structures, and regulatory re-

quirements. Nevertheless, understanding these options provides a conceptual 

framework for designing BISs that balance scalability, interoperability, and 

long-term data governance. In multi-actor and life cycle-oriented contexts, de-

centralized and federated approaches offer particular advantages, while 
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centralized components may remain appropriate where simplicity and control 

are prioritized. 

4.2.2 Data architecture 

In the context of BISs, data architecture refers to the conceptual and structural 

organization of data, how data are described, related, and made accessible. It 

is distinct from data infrastructure, which primarily focuses on physical stor-

age technologies and system architecture at the hardware or platform level 

(Inmon et al., 2019, p. 7). While data architecture is sometimes used inter-

changeably with data modeling, it extends beyond individual models by ad-

dressing the broader semantic and organizational context in which data are 

created, maintained, and used. As such, it plays a critical role in designing 

systems that support high-quality, interoperable, and long-lived data. 

The relevance of data architectures for BISs lies in their ability to support 

structured data exchange, consistent interpretation, and alignment with the 

needs of diverse actors. They offer a foundation for managing both structured 

and semi-structured data and guide the development of underlying models and 

implementation formats. 

A useful reference framework is provided by the ISO 8000 standard series, 

which emphasizes the role of data architecture in preserving data quality in 

data sharing. Building on this, Böhms et al. (2023, p. 10) propose a set of key 

elements tailored to building-related data contexts: 

• Data specification: Defines the structure and semantics of building-re-

lated data, ensuring that data can be interpreted correctly within the sys-

tem. 

• Data dictionary: Provides a standardized terminology, ensuring con-

sistent definitions and reducing ambiguity in data exchange. 

• Data specification/dictionary language: Enables a standardized modeling 

approach, forming the basis for logical and physical data implementation. 

• Formal syntax: Ensures that the data model can be expressed in a ma-

chine-readable format, facilitating automated processing and exchange. 

• Identification scheme: Establishes unique identifiers for data elements, 

enabling reliable referencing and linking of information across systems. 
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• Metadata: Describes contextual attributes of data, such as provenance 

and quality indicators, supporting data governance and usability. 

These elements enable the translation of conceptual models into logical and 

physical representations, such as database schemas or exchange formats. They 

also help bridge the technical structure of ICT systems with the semantic and 

practical needs of building-related information management. While not yet 

widespread in the real estate industry, architectural thinking is implicitly pre-

sent in many initiatives that aim to standardize building-related data (section 

4.3.3). 

4.2.3 Database technology 

There are two main aspects to consider when designing data storage systems 

for building-related data. First, the projected function of the BIS must be de-

termined. This includes understanding how data will be used, the frequency 

and complexity of transactions (e.g., storing, editing, and deleting), the antic-

ipated query patterns, the number of simultaneous users, and the performance 

and capacity requirements. These factors underscore the importance of inte-

grating storage design into the overall architecture of the BIS from the outset. 

Second, the characteristics of the data itself must be carefully considered. 

Building-related data are highly diverse, encompassing structured alphanu-

meric data (e.g., compliance documents, sensor readings) and unstructured 

data (e.g., geometric models, images, videos).  

Database technology plays a critical role in managing building-related da-

tasets, encompassing structured, semi-structured, and unstructured data. The 

choice of database type influences data accessibility, scalability, and long-

term usability. While relational databases remain widely used due to their 

structured approach and well-established standards, they can be rigid when 

handling evolving data structures. BISs can also accommodate more flexible 

data models: 

• NoSQL databases, including document databases and graph databases, 

offer scalability and flexibility, particularly for integrating heterogeneous 

building-related data. Document databases are useful for storing 

metadata and interconnected records, while graph databases excel in 
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representing complex relationships, such as linking building components 

across life cycle stages (Bilal et al., 2016, p. 504).  

• Spatial databases are essential for GIS-related applications, such as map-

ping building layouts and georeferencing infrastructure data (Brinkhoff 

& Kresse, 2022, p. 70). 

• Data lakes provide an alternative for handling large, unstructured da-

tasets, offering a repository for poly-structured data that can be processed 

later. However, they require strong data governance to avoid becoming 

"data swamps" with unmanageable content (Hernández et al., 2023). 

The suitability of a database model for BISs depends on factors such as data 

structure, integration needs, and performance requirements. In many cases, 

hybrid database models, combining relational and NoSQL features, provide a 

balanced approach, offering both structured querying capabilities and flexible 

data handling. Emerging trends, such as cloud-based database solutions and 

blockchain-backed data integrity mechanisms, further influence database se-

lection for BISs. 

4.2.4 Cloud vs local storage systems 

A critical consideration is whether a local or cloud-based storage system is 

better suited for a BIS. Local storage systems offer high levels of control, al-

lowing organizations to manage their data on-premise with minimal reliance 

on external providers. They are particularly suited for environments where 

data sovereignty, security, or low-latency access are paramount. However, 

they require substantial IT infrastructure, ongoing maintenance, and scalabil-

ity investments, which may pose challenges for smaller organizations or those 

with limited technical expertise. 

In contrast, cloud computing is regarded as a vehicle for innovation in the 

construction and real estate industry (Bello et al., 2021, p. 1). Cloud-based 

storage systems provide scalability, cost-efficiency, and ubiquitous access, 

making them particularly advantageous for BISs that integrate data from geo-

graphically distributed sources, such as IoT devices or multi-actor projects. 

Cloud solutions also offer built-in features for backup, disaster recovery, and 

dynamic scaling, reducing operational burdens on users. However, they may 



4.3  Data sharing 

113 

raise concerns about data sovereignty, location transparency, and long-term 

dependency on cloud providers.  

The choice between local and cloud storage is not purely technical but also 

depends on the actors involved and their capabilities. Large enterprises and 

public sector organizations with strict regulatory requirements may favor local 

or hybrid solutions to maintain control over sensitive information. Smaller 

companies or decentralized projects may benefit more from cloud-based stor-

age, as it lowers IT management overhead and provides flexible access to re-

sources. 

A hybrid storage approach, which combines local control with cloud scalabil-

ity, can address these challenges. Sensitive data or compliance documents can 

be stored locally for security and sovereignty, while less sensitive or large-

scale data (e.g., sensor outputs, simulation results) can be stored in the cloud 

for improved accessibility and scalability. 

More recently, distributed hybrid infrastructures have emerged, integrating 

on-premise systems, private clouds, and public cloud services into a coordi-

nated architecture. Such approaches allow organizations to retain governance 

over critical data while leveraging cloud-based analytics, collaboration plat-

forms, or AI services (Susnjara & Smalley, 2026). For BISs operating across 

organizational boundaries and life cycle stages, this architectural flexibility 

can enhance long-term adaptability. 

4.3 Data sharing 

Effective data sharing in BISs requires addressing interoperability at multiple, 

interrelated levels. Building-related data must not only be exchanged in com-

patible technical formats but also interpreted consistently across systems, or-

ganizations, and life cycle stages. This section therefore distinguishes four 

complementary layers of data sharing. Data formats define the syntactic struc-

ture of exchanged information (section 4.3.1). Linked Data and Semantic Web 

technologies enable machine-readable semantics and the integration of heter-

ogeneous datasets (section 4.3.2). Building-related data standards establish 

shared conventions and governance frameworks (section 4.3.3). Platforms and 
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data rooms operationalize data exchange within controlled collaborative envi-

ronments (section 4.3.4). Each of these layers addresses specific interopera-

bility challenges but remains insufficient in isolation. For BISs, effective data 

sharing emerges from their coordinated use, requiring systems that integrate 

formats, semantics, standards, and platforms into a coherent information man-

agement framework. 

4.3.1 Data formats 

Data formats are critical for successful communication in the real estate in-

dustry. They serve as the language through which IT systems interact, and 

their effective use determines the quality and efficiency of data exchange. The 

development of data formats in the real estate industry is closely connected to 

advances in data and information modeling, reflecting the increasing complex-

ity of building-related information and the need for versatile approaches to 

ensure interoperability (Borrmann et al., 2024). The variety of formats ranges 

from structured data for machine processing to unstructured documents for 

human interpretation.  

Structured formats like XML, JSON, and IFC are established in the real estate 

industry for exchanging structured building-related data. XML (Extensible 

Markup Language) is valued for its versatility and ability to represent hierar-

chical data structures in a machine- and human-readable form (Salminen, 

2011, pp. 1–4). Its schema validation capabilities ensure data consistency 

across systems, making it a quasi-standard for collaborative software devel-

opment and data interoperability (Salminen, 2011, p. 69). 

JSON (JavaScript Object Notation), in contrast, is a lightweight alternative 

that simplifies data exchange, particularly in web-based applications. Its sim-

plicity and speed have contributed to its growing adoption, as seen in interna-

tional initiatives for real estate data models like the International Building Per-

formance & Data Initiative (IBPDI) and OSCRE (IBPDI, 2022b; OSCRE 

International, 2022). 

The Industry Foundation Classes (IFC) format, central to BIM applications, 

provides a schema for representing both geometric and semantic data about 

buildings. Based on the EXPRESS modeling language (section 2.3.2), IFC 
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supports object-oriented representation of building components and their rela-

tionships (DIN EN ISO 16739-1:2021-11, p. 7). It potentially supports data 

sharing across life cycle stages with a particular focus on geometric data. Its 

extensibility and support for multiple formats (e.g., XML, JSON) allow for 

greater interoperability. To address the growing integration of digital building 

models with broader life cycle data, IFC also offers property sets that enable 

semantic enrichment, although challenges remain due to the lack of standard-

ization in their use  (Borrmann, Beetz, et al., 2018, pp. 101–114). 

In addition to structured data formats, document formats like PDFs, Word 

files, and scanned images remain indispensable for nearly all actors in the real 

estate industry. While these formats are typically human-readable, some for-

mats, such as XBRL, integrate structured data to support both human and ma-

chine readability. This approach is particularly useful in domains like financial 

reporting, where regulatory compliance demands interoperability and accessi-

bility for diverse stakeholders (Hoitash et al., 2021, pp. 109–110). For long-

term archiving, PDF/A provides a standardized version of PDF, ensuring that 

documents remain accessible and unaltered over time by embedding fonts, re-

stricting certain interactive features, and requiring metadata compliance (Kur-

zrock et al., 2023, p. 15). 

To meet the diverse requirements of building-related information manage-

ment, formats must support the coexistence of structured data and documents 

to ensure interoperability across systems and life cycle stages. The choice of 

format should be guided by the data's characteristics, quality requirements, 

and context of use, ensuring accessibility and reliability over time. From a BIS 

perspective, data formats provide the technical basis for data exchange but do 

not ensure consistent interpretation or semantic interoperability on their own. 

Their effectiveness therefore depends on their combination with semantic 

technologies, shared data standards, and governance mechanisms, which are 

addressed in the following sections. 

4.3.2 Linked data and semantic web technology 

The adoption of Linked Data (LD) and Semantic Web (SW) technologies has 

introduced significant advancements in data sharing and interoperability 
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within the real estate industry. These technologies have driven the develop-

ment of innovative data formats, vocabularies, and methodologies, enabling 

more structured and integrated information management. Given its diverse ac-

tors and fragmented data systems, the real estate industry is particularly poised 

to benefit from LD/SW’s interlinked, machine-readable data, which facilitates 

seamless data exchange (Pauwels et al., 2017, p. 147). 

LD/SW technologies rest on foundational concepts such as RDF, OWL, and 

SPARQL, which enable the modeling, querying, and reasoning of structured 

data.  

A key distinction of LD/SW technologies lies in their focus on machine-pro-

cessable semantics and decentralized data integration. Unlike traditional data 

formats, which often rely on centralized schemas and rigid structures, LD/SW 

promotes a scalable and flexible approach to data modeling and sharing 

through RDF-based vocabularies and ontologies. This paradigm shift enables 

the integration of heterogeneous data sources while maintaining semantic co-

herence, a critical requirement for BISs operating in dynamic, multi-actor en-

vironments (Costin et al., 2022, pp. 23–24). 

While LD/SW applications in real estate are relatively recent, they are rapidly 

expanding. Industry-specific initiatives leverage LD principles to create on-

tologies that enhance semantic interoperability across systems. This has the 

potential to bridge data silos, improve data quality, and support advanced use 

cases, such as cost estimations in building models, management of mainte-

nance data, retrieval of sustainability-related data from the web, or knowledge 

inference for construction code compliance (Farghaly et al., 2023, pp. 4–8). 

In the context of BISs, LD/SW technologies offer key advantages, including 

the ability to model complex relationships, ensure data consistency, and facil-

itate reasoning. However, challenges remain, particularly concerning the need 

for specialized expertise, ontology development and standardization complex-

ities, scalability and performance issues, vendor cooperation, and effective 

governance mechanisms to ensure sustained adoption and interoperability 

(Costin et al., 2022, p. 23; Pauwels et al., 2017, p. 160). Ongoing research ad-

dresses these challenges and, for example, explores the integration of LD/SW 
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technologies with common building-related data standards, and emerging 

technologies like AI. 

4.3.3 Building-related data standards 

Efforts to improve data sharing and interoperability in the real estate industry 

go beyond the discussion on data formats and increasingly focus on establish-

ing common standards. These standards aim to provide a unified language for 

representing and exchanging building-related data, ensuring consistency 

across actors, processes, and life cycle stages. A key objective is often the 

standardization of semantic descriptions, such as building dimensions, prop-

erties, attributes, and relationships between components. These are sometimes 

referred to as metadata standards for buildings. The standards analyzed in this 

section include contributions from both international and national standardi-

zation committees as well as industry initiatives. Their variety highlights the 

diverse needs of actors and tasks throughout the building lifecycle but also 

underscores the difficulty in achieving harmonization. 

In total, 12 standards were identified and analyzed, with a comparison pro-

vided in section C.1. The analysis considered the following criteria to evaluate 

the suitability of each standard for BISs: 

• Primary use case: The standard's focus on specific real estate industry 

tasks or workflows, such as building operations or property management. 

• Interoperability: The ability of the standard to seamlessly integrate and 

exchange data with other systems and standards. 

• Semantic richness: The depth of metadata and relationships represented 

within the standard, enabling advanced reasoning and linking of data. 

• Flexibility: The adaptability of the standard to support evolving use cases 

and changes in data requirements. 

The analysis highlights strong interoperability and semantic modeling capa-

bilities among industry-driven standards, particularly those leveraging RDF 

and OWL. However, limitations in life cycle coverage and practical adoption 

across diverse use cases indicate that it is difficult to assess if a single standard 

is currently advantageous for BISs.  



4  Technologies for managing building-related data 

118 

Among industry-driven standards, the RealEstateCore ontology is designed to 

support the integration of different types of building-related data. Using RDF 

and OWL, it defines relationships among building components and systems, 

enabling semantic interoperability and advanced reasoning (RealEstateCore, 

2023). While RealEstateCore demonstrates strong operational focus and se-

mantic richness, its life cycle coverage remains limited. Similarly, 

BrickSchema provides a modular approach for representing physical, virtual, 

and logical entities. Focusing on building services and operational data, 

BrickSchema demonstrates high semantic depth but primarily addresses build-

ing operation phases (Brick Consortium, 2023). 

The OSCRE Industry Data Model targets over 130 use cases, including prop-

erty management and facility operations. Implemented in JSON and XML, it 

offers flexibility but is constrained in life cycle scope and semantic capabilities 

(OSCRE International, 2022). The IBPDI Global Data Model proposes a uni-

fied data model for real estate, offering definitions for properties, geometric 

representations, and financial data. Published in JSON, it aims to cover all life 

cycle stages but remains in early adoption stages (IBPDI, 2022a). Other nota-

ble initiatives include the RESO Data Dictionary for real estate agents, Open-

Immo for property listings, and the Society of Property Researchers’ guide-

lines for building life cycle data exchange (OpenImmo, 2022; Real Estate 

Standards Organization [RESO], 2023; gif, 2021).  

What most of these standards have in common is their limited adoption among 

industry practitioners, potentially due to their technical complexity, structural 

rigidity, and integration challenges. Many actors lack the technical expertise 

or resources required for full implementation, while fragmented industry prac-

tices further complicate broad adoption. 

Among standards developed by committees, the IFC stand out due to their 

prominence in the construction and real estate sectors. Originally developed 

by buildingSMART and later standardized by ISO, IFC provides a schema for 

representing building-related entities and their relationships. Uniquely, IFC is 

regarded as both a data format and a data standard, bridging technical and se-

mantic interoperability challenges in BIM-based workflows (DIN EN ISO 

16739-1:2021-11, p. 7). 
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Complementary to IFC, the Construction Operations Building Information 

Exchange (COBie) standard aims to standardize the exchange of non-geomet-

ric building data, particularly for facility management. By structuring asset 

information in various formats, including spreadsheets, XML, and IFC, CO-

Bie aims to enhance interoperability between BIM and operational systems. 

However, adoption challenges persist, as its technical complexity can be 

daunting for facility management personnel, necessitating comprehensive 

training and integration efforts (Kumar & Teo, 2021, pp. 339–341). 

While committee-driven standards, such as those developed by ISO and DIN, 

play a crucial role in harmonizing data exchange processes, their breadth and 

technical nature can create challenges in industry-wide adoption. A summary 

of key committee-driven standards and their relevance to BISs is provided in 

Table C.8. 

The analyzed standards provide a strong foundation for structured data in 

BISs, fostering interoperability and consistency when applied correctly. On-

tology-based approaches further extend these capabilities by enabling seman-

tic integration of semi-structured data, supporting more flexible data represen-

tations. However, challenges remain in handling heterogeneous data, which is 

prevalent in many building-related workflows. Additionally, the technical 

complexity of these standards often exceeds the expertise of non-specialist ac-

tors, limiting their practical implementation. To fully leverage their potential, 

efforts toward simplifying application, improving accessibility, and integrat-

ing ontology-driven methods could enhance their relevance for broader indus-

try adoption. 

4.3.4 Platforms and data rooms 

The increasing complexity of real estate management requires intensive com-

munication and data exchange among diverse actors. This has driven the de-

velopment of internet-based platforms designed to facilitate collaboration, im-

prove data accessibility, and enhance decision-making in comparison to 

traditional, local file-based methods. These platforms, often referred to as 

“digital platforms” (Reuver et al., 2018, p. 124; Seaton et al., 2022, p. 37) or 

“data rooms” (Kurzrock et al., 2019, p. 275), provide structured environments 
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for managing and sharing building-related data. Their degree of confidential-

ity and security measures varies depending on the use case, ranging from open 

collaboration environments to highly secure data rooms for sensitive transac-

tions. Beyond enabling data sharing, many platforms integrate features that 

assist users in processing, analyzing, and visualizing data, catering to their 

specific tasks. This trend aligns with the broader concepts of "platformization" 

(Sunyaev, 2020, p. 219) and "ecosystems" (Ditfurth et al., 2021, p. 7; Ziel-

inski, 2022, p. 89) observed in the industry, where interconnected platforms 

aim to foster collaboration across actors and domains and provide central ser-

vices. 

Table 4.1 provides an overview of key platform and data room types, high-

lighting their primary use cases and typical features in the real estate and con-

struction industries. 

Table 4.1: Overview on common platforms and data rooms in the real estate domain 

Use case Primary purpose Typical features 

Project management 

platforms / data rooms 

(construction) 

Facilitate collaboration, 

document sharing, and 

communication among 

project stakeholders 

Task tracking, version-

controlled document 

storage, real-time chat, 

permission-based ac-

cess 

BIM platforms & com-

mon data environments 

(CDEs) 

Centralize BIM data 

and coordinate project 

models (discussed in 

more detail in section 

6.4) 

Model versioning, 

clash detection, feder-

ated model integration, 

role-based access 

Due diligence data 

rooms 

Secure storage and 

controlled access to le-

gal, financial, and tech-

nical documents for 

real estate transactions 

Encrypted storage, au-

dit logs, role-based ac-

cess, document expira-

tion settings 

ESG & sustainability 

platforms 

Support sustainability 

reporting, compliance 

tracking, and energy 

renovation planning for 

Data dashboards, auto-

mated compliance 

checks, regulatory 
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example (discussed in 

more detail in section 

6.5.2.3) 

frameworks, impact 

visualization 

Smart building & IoT 

platforms 

Enable real-time moni-

toring, automation, and 

optimization of build-

ing operations 

Sensor data processing, 

AI-driven analytics, 

predictive maintenance, 

digital twins 

 

Modern platforms rely on several key technologies to ensure scalability, in-

teroperability, and security: 

• Cloud infrastructures provide scalable storage and remote access capa-

bilities. 

• APIs enable integration with external tools and data sources. 

• Data security technologies, including encryption and private (hardware) 

keys, ensure confidentiality in highly secure data rooms (see section 4.6 

on data security). 

While platforms and BISs share common functions, they do not necessarily 

serve the same roles. Platforms primarily act as enablers of data sharing and 

collaboration, offering structured environments for specific use cases. BISs, 

on the other hand, encompass a broader concept designed to support building-

related information management. In many cases, BISs integrate platform char-

acteristics to facilitate data integration, interoperability, and accessibility, lev-

eraging cloud infrastructures, APIs, and federated storage approaches. The 

platformization of BISs may enhance their ability to connect actors, standard-

ize data exchange, and enable structured workflows. Platforms themselves can 

be regarded as BISs as long as they integrate common BIS characteristics, as 

defined in section 2.4.1. 

4.4 Data quality management 

High data quality is essential for the effective operation of BISs, as inaccurate, 

incomplete, or inconsistent data can undermine decision-making and system 

functionality. More than 70% of real estate companies consider a lack of data 
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quality to be a critical factor preventing further digitization, according to a 

recent survey (Zentraler Immobilien Ausschuss [ZIA] & EY Real Estate, 

2024, p. 13). While many researchers and practitioners consider data quality 

to be an important issue in specific subject areas, there is little literature that 

systematically addresses the management of building-related data quality. In 

this section, the factors influencing building-related data quality are therefore 

examined first (section 4.4.1). Based on this foundation, measures for manag-

ing data quality are analyzed (section 4.4.2). 

4.4.1 Factors shaping building-related data quality 

Data quality is a fundamental requirement for BISs, directly impacting the ac-

curacy, reliability, and usability of building-related information across the 

building life cycle. High-quality data supports informed decision-making, reg-

ulatory compliance, and operational efficiency. Dimensions such as accuracy, 

completeness, consistency, and traceability serve as objectives for ensuring 

reliable data management. However, data quality is not static. It is shaped dy-

namically by various influences (Bodenbender & Kurzrock, 2015). These in-

fluences emerge throughout information management tasks including data 

collection, storage, sharing, and analysis (Figure 4.4). 

 

Figure 4.4: Overview on factors influencing building-related information management 
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Actors play a crucial role in maintaining data quality, even as technological 

advancements assist in preserving and restoring it (Murphy, 2009, p. 1881). 

Individuals remain responsible for ensuring data are handled correctly, with 

expertise and decision-making significantly affecting accuracy and complete-

ness. The variety of tasks and building-related data points in the real estate 

industry requires diverse expertise, as specialists must collaborate to ensure 

data remain valid and usable across different tasks. Errors in manual entry, 

misinterpretation, or a lack of verification mechanisms can undermine quality, 

while governance structures and responsibilities define whether data remains 

structured and traceable. Even when data processing is automated, the effec-

tiveness of technological measures depends on how they are implemented and 

monitored by human actors. 

Processes are closely linked to the role of actors in data quality management, 

as they define workflows and organizational structures in which data are gen-

erated and managed (Weigel, 2021, p. 79). Complex projects and multi-actor 

collaborations increase the challenge of maintaining structured and consistent 

data. High process quality ensures clear responsibilities and structured data 

flows, while weak governance structures increase the likelihood of fragmen-

tation, inconsistencies, and data loss. 

Technology plays a central role in shaping data quality within BISs by provid-

ing the structural and computational foundation for handling building-related 

data. It determines how data are captured, structured, stored, and accessed, 

influencing key dimensions such as accuracy, consistency, and completeness. 

The choice of data models, database types, and interoperability frameworks 

affects how well information can be maintained across systems and over time. 

At the same time, technological systems are not immune to errors. Issues such 

as misconfigurations, data loss, and system incompatibilities can introduce in-

consistencies or hinder data accessibility. While automation and validation 

mechanisms can reduce human-induced errors, the effectiveness of these tech-

nologies depends on appropriate implementation and governance.  

External conditions also influence data quality, as regulatory requirements, 

industry standards, and evolving business needs define what data must be col-

lected, how it is structured, and how long it remains relevant. Compliance with 

building regulations, sustainability reporting standards, and data protection 
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laws imposes specific constraints on data handling. Changes over time, such 

as renovations, regulatory updates, or new measurement technologies, can ren-

der previously valid data obsolete, requiring continuous updates and struc-

tured version control mechanisms. 

4.4.2 Measures for data quality management 

Managing data quality in BISs is a vast and multi-layered topic, touching on 

aspects of governance, automation, verification, and compliance. Given its 

scope, this section does not aim to provide an exhaustive analysis but rather to 

outline key measures that can actively support data quality management. 

These measures can be categorized into process-oriented strategies, techno-

logical solutions, structured instruments, and actor-related responsibilities, all 

of which help ensure data remains accurate, complete, and reliable throughout 

its lifecycle in a BIS. 

A key principle is that data quality management is not an isolated task but an 

integral part of BIS operations. Ensuring high-quality data requires clear pro-

cess definitions, technological safeguards, structured validation frameworks, 

and disciplined adherence to standards by actors. Table 4.2 provides an over-

view of the key categories in data quality management, explaining their role 

in maintaining high-quality data within BISs.  

Table 4.2: Overview on categories of data quality measures for building information sys-

tems 

Category Role in data quality management 

Processes Provide the structural and organizational foundation for 

maintaining data quality by defining responsibilities, gov-

ernance models, and workflows for error handling and qual-

ity assurance. 

Technology Serves as both an enabler and a safeguard for data quality, 

offering automated validation, structured data models, and 

error detection mechanisms, while also requiring proper im-

plementation and oversight. 
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Instruments Include standards and certifications that provide formalized 

frameworks for ensuring that data are collected, stored, and 

shared in accordance with recognized quality benchmarks. 

Actors Responsible for adhering to data quality standards and re-

quirements within BISs, ensuring correct data handling, val-

idation, and continuous improvement through training and 

accountability mechanisms. 

 

These categories provide the basis for the following discussion of specific 

measures and approaches. Although they help structure the analysis, data qual-

ity measures often prove to be multi-dimensional, drawing on multiple per-

spectives simultaneously. 

4.4.2.1 Process-oriented measures 

Process quality plays a crucial role in ensuring data quality, particularly in 

environments where multiple actors contribute to data collection, storage, 

sharing, and analysis (Batini et al., 2009, p. 32). Establishing clear data quality 

requirements from the outset is essential to align all actors within a BIS on 

expectations for accuracy, completeness, and consistency. This includes de-

fining data governance models that allocate responsibilities for data entry, val-

idation, and maintenance. Additionally, structured workflows for handling er-

rors and inconsistencies ensure that when data quality issues arise, there is a 

transparent process for resolving them efficiently. 

Well-established quality management frameworks, such as ISO 9001 or Plan-

Do-Check-Act (PDCA) cycles, provide structured approaches for integrating 

quality assurance into BIS-related workflows. Certified Quality Management 

Systems (QMS) offer structured methods for maintaining high-quality data 

across various domains, reducing the risk of fragmentation and inconsistency 

(Howarth & Greenwood, 2017, p. 9; Marsden, 2019, p. 82). Process standard-

ization is particularly relevant in phases where large volumes of data are cre-

ated and exchanged dynamically, such as transactions or renovations. 
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4.4.2.2 Technological measures 

Technological measures support data quality management by automating val-

idation, detecting inconsistencies, and ensuring secure data handling. Some 

inherent data quality safeguards are tied directly to data models and the way 

data are structured within BISs. Standardized data models provide predefined 

constraints that ensure completeness and logical consistency, while metadata-

based validation mechanisms help maintain traceability. 

Security technologies, which are discussed in detail in section 4.6, contribute 

to quality management by preventing unauthorized modifications and ensur-

ing data integrity. Beyond security, automated data cleansing techniques help 

identify and correct errors, whether by detecting missing values, removing du-

plicates, or normalizing formats (Zwirner, 2021, p. 102). Validation mecha-

nisms embedded in BISs, such as rule-based validation checks or anomaly de-

tection algorithms, can support real-time quality monitoring (Ridzuan & Wan 

Zainon, 2019, p. 733). 

In cases where highly sensitive or critical data are involved, external verifica-

tion mechanisms offer additional assurance for data quality. Third-party veri-

fication, such as independent validation analogous to a notarial role in real 

estate transactions or the certification of regulatory documentation, helps re-

inforce trust in shared datasets. Auditing serves as a structured form of such 

verification, ensuring compliance with contractual or legal requirements. In 

the real estate industry, this includes external assurance in real estate valuation 

and due diligence processes, third-party validation of sustainability assess-

ments, or mandatory energy performance benchmarking audits (Cetin, 2024). 

Similarly, EPCs must be issued by certified professionals and serve as verified 

summaries of a building’s energy efficiency. Complementing these institu-

tional forms of verification, blockchain-based systems can enhance data integ-

rity by ensuring immutability and traceability within decentralized data net-

works, providing an additional layer of trust and transparency (Treleaven et 

al., 2021, p. 459) (section 4.6.4). 

4.4.2.3 Instrument-based measures 

Beyond processes and technologies, structured instruments can help assess 

and communicate data quality in a transparent manner. Quality labels, such as 
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certifications for data sources or structured data quality indicators, provide ac-

tors with aggregated assessments of the reliability and completeness of da-

tasets. Sticking to industry-specific standards offers formalized guidelines for 

maintaining high-quality data. In the real estate industry, a substantial body of 

such standards evolved within the last decades. Examples with specifications 

on data quality include: 

• DIN EN 15941:2024-10: Sustainability of construction works – Data 

quality for environmental assessment of products and construction works 

• DIN SPEC 91475:2024-03: ESG – Data Point Initiative for the ecologi-

cal analysis of Real Estate Stock 

• DIN EN ISO 19650-1: Organization and digitization of information 

about buildings and civil engineering works, including building infor-

mation modelling (BIM) 

Other examples include standardized information sources such as Environ-

mental Product Declarations (EPDs) that ensure that material and environmen-

tal data on building products meet predefined quality requirements (DIN EN 

15804:2020-03, p. 72). Similarly, green building certifications which serve as 

quality labels can help reducing the reliance on individual expertise while en-

suring that shared data adheres to recognized benchmarks. 

4.4.2.4 Actor-based measures 

Since actors play a central role in shaping data quality, ensuring disciplined 

adherence to standards and quality requirements is essential. Even in the pres-

ence of well-structured BISs, data quality ultimately depends on how individ-

uals interact with the system, input data, and maintain accuracy over time. This 

necessitates not only formalized rules and guidelines but also organizational 

measures that promote accountability and compliance. Examples include reg-

ular training programs, internal quality audits, and incentive structures de-

signed to encourage responsible data handling (Khatri & Brown, 2010, 

p. 152). 

The ability to work within standardized data environments, use quality assur-

ance tools effectively, and interpret data correctly influences the overall relia-

bility of BISs. In this regard, suitable access control strategies (section 4.6.1) 



4  Technologies for managing building-related data 

128 

ensure that data handling responsibilities align with the expertise of different 

actors, minimizing the risk of unintentional errors or misinterpretations. 

4.5 Data analytics 

The increasing digitization of the built environment is generating large 

amounts of data across the building life cycle. To derive value from these data, 

they must be systematically analyzed to generate actionable insights tailored 

to the specific needs of different actors. Data analytics encompasses a broad 

range of approaches, including descriptive and diagnostic methods that sup-

port the understanding of current and past states, as well as predictive and 

prescriptive methods that anticipate future developments and support deci-

sion-making. These approaches draw on techniques from statistics, data min-

ing, and machine learning and can be applied to heterogeneous data types such 

as time series, documents, images, and sensor data. 

This section examines the application of data analytics across the building life 

cycle, organizing key use cases into development and construction, use, and 

end-of-life stages (section 4.5.1). The challenges associated with implement-

ing data analytics in BISs are also analyzed (section 4.5.2). Additional evi-

dence regarding data analytics use cases in the building life cycle is provided 

in the appendix (section C.2). 

4.5.1 Use cases throughout the building life cycle 

4.5.1.1 Development and construction stage 

The development and construction stage are highly data-intensive processes 

where data analytics can significantly enhance planning, decision-making, and 

execution. These stages often involve large datasets from diverse sources. 

For example, during the development stage, project developers require com-

prehensive datasets to evaluate potential sites and market conditions. Geospa-

tial data from GISs and regulatory data from public records can serve as foun-

dational inputs (Rudolph, 2022, p. 130). The availability of high-quality, up-

to-date information enables actors to identify optimal locations with the help 
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of interactive AI-assisted web portals. This reduces manual effort, improves 

decision-making, and minimizes uncertainty (Nern, 2021). 

Data analytics plays a crucial role in optimizing building design by leveraging 

virtual building models, such as BIM models and digital twins (Bilal et al., 

2016, p. 512). These technologies enable simulations that evaluate design op-

tions against various criteria, including space utilization, energy efficiency, 

material efficiency, and structural safety. ML algorithms and advanced simu-

lation tools can analyze data inputs from regulatory requirements, investor 

preferences, and site conditions to generate and assess design alternatives. For 

example, deep learning models can suggest layouts or structural configura-

tions that meet specified performance goals, while predictive analytics can es-

timate how design choices impact life cycle costs and sustainability. By incor-

porating data analytics into the design process, architects and engineers can 

create solutions that are better aligned with the needs of investors and other 

stakeholders, reducing inefficiencies and enhancing decision-making (Baduge 

et al., 2022, pp. 7–11). In addition, recent developments in generative AI are 

being explored to support early design phases by producing layout variants or 

visual materials based on predefined criteria, potentially enhancing ideation 

and stakeholder communication (Link, 2024). 

Energy performance simulations are a key component of AI-supported design 

processes, allowing for the assessment and optimization of a building’s energy 

demand during the design phase (Bilal et al., 2016, p. 515). Additionally, data 

analytics can facilitate the automation of calculations required for generating 

EPCs and other compliance-related documents (Seduikyte et al., 2022, p. 84). 

Automation also streamlines the creation of reports for investors, stakeholders, 

or regulatory bodies, supporting tasks such as building permits or compliance 

checks. 

In the construction stage, real-time data collection through IoT devices, wear-

able sensors, and drones enhances project monitoring and safety management 

(Baduge et al., 2022, p. 15). For instance, wearable technology provides con-

tinuous data on worker activity, environmental conditions, and potential haz-

ards. This information can be fed into predictive models to identify safety risks 

and optimize resource allocation. Similarly, computer vision applications 
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process image data from drones or site cameras to detect construction pro-

gress, compliance issues, or material inefficiencies (Abioye et al., 2021, pp. 7–

8).  

In addition to enhancing specific tasks, data analytics can play a role in organ-

izing and managing information during the early life cycle stages of develop-

ment and construction. Given the involvement of numerous actors in construc-

tion projects, effective data sharing is essential for ensuring project success. 

Analytics tools can support the classification and organization of documents, 

enabling their clear identification through standardized metadata. This stream-

lines information management, reduces redundancies, and facilitates smoother 

collaboration across actors (Bilal et al., 2016, pp. 508–510).  

4.5.1.2 Use stage 

The use stage represents the longest phase in a building’s life cycle and offers 

substantial opportunities for leveraging data analytics to optimize operations, 

improve efficiency, and enhance sustainability. With continuous data genera-

tion from building systems, sensors, and occupant activities, this stage benefits 

significantly from advanced analytics techniques that enable proactive and 

data-driven decision-making. The following examples represent only a selec-

tion of the potential use cases. A good overview of AI-based data analytics 

approaches for the use stage can be found in Himeur et al. (2023), for example. 

One of the most impactful applications of data analytics in this stage is pre-

dictive maintenance. By analyzing monitoring data from building systems and 

structural components, algorithms can forecast potential failures, allowing 

structural health monitoring and for timely interventions that minimize disrup-

tions and extend the lifespan of building elements. For example, sensors em-

bedded in HVAC systems or structural materials can continuously collect data 

on performance, enabling analytics systems to identify anomalies and predict 

when maintenance is required (Rampini & Cecconi, 2022, p. 898). 

Dynamic energy management is another critical application, leveraging data 

from IoT devices and weather forecasts to optimize energy consumption in 

real time. Analytics tools can evaluate occupant behavior, building envelope 

quality, heating system performance, and external conditions to adjust heating, 
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cooling, and lighting systems dynamically, reducing energy waste and im-

proving overall efficiency. These insights not only contribute to operational 

cost savings but also align with sustainability goals by minimizing GHG emis-

sions (Abioye et al., 2021, p. 8; Pedral Sampaio et al., 2022, p. 15). 

In addition to operational benefits, data analytics facilitates the creation of 

value-added services such as automated post-occupancy evaluations and ret-

rofit planning. Automated post-occupancy evaluations analyze data on build-

ing usage and occupant satisfaction to identify areas for improvement, while 

retrofit planning uses aggregated monitoring data to prioritize energy effi-

ciency measures and coordinate them for maximum impact. Digital twins play 

a pivotal role in these processes by enabling advanced simulations, including 

energy performance simulations, to assess the potential impact of various ret-

rofit strategies (Rampini & Cecconi, 2022, p. 896).  

Another emerging application of data analytics during the use stage is auto-

mated property valuation. By integrating data from building performance 

monitoring, maintenance records, occupancy patterns, and contextual market 

information, AVMs can generate up-to-date property value estimates with 

minimal human input. These models benefit from continuous data flows 

within BISs, enabling more accurate, transparent, and real-time valuations that 

reflect both physical and operational characteristics of a building (Su et al., 

2021).  

4.5.1.3 End-of-life stage 

The end-of-life stage, interpreted as the final phase in a building’s life cycle 

without the prospect of redevelopment or reuse, requires careful analysis to 

address deconstruction or demolition challenges. At this stage, data analytics 

can provide critical insights for minimizing environmental impacts, optimiz-

ing material recovery, and ensuring compliance with regulations. 

Key data analytics tasks include: 

• Material composition analysis: Evaluating the building's materials to de-

termine which components can be recycled or require disposal, assess the 

environmental impacts of recycling and disposal processes, and optimize 
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the separation and recovery of valuable materials to support circular 

economy principles. 

• Environmental impact assessment: Using LCA methods and predictive 

analytics to estimate the environmental impact of demolition activities. 

• Compliance and safety monitoring: Ensuring that deconstruction pro-

cesses adhere to regulatory requirements, such as waste management and 

hazardous material handling (Baduge et al., 2022, pp. 14–19). 

Analytics also assists in planning and optimizing the logistics of deconstruc-

tion. For example, predictive models can estimate the volume of waste gener-

ated, identify potential recycling facilities, and determine the most efficient 

transportation routes (Abioye et al., 2021, pp. 7–8). By leveraging historical 

data from earlier life cycle stages, such as material specifications and con-

struction records, AI-based systems can provide more accurate and actionable 

recommendations. 

The end-of-life stage underscores the importance of maintaining high-quality 

data throughout the life cycle. Without accurate and comprehensive infor-

mation on materials, building components, and previous modifications, the 

potential to apply data analytics effectively diminishes.  

4.5.2 Implementation challenges 

While data analytics offers significant potential throughout the building life 

cycle, several challenges must be addressed to ensure its effective implemen-

tation. A key issue is data quality, especially availability, as many analytics 

methods require structured, machine-readable, and complete datasets. Un-

structured or fragmented data can limit the accuracy of predictive models and 

reduce the reliability of insights. Additionally, data access is a problem, when 

restricted due to proprietary ownership or inconsistent standards, making in-

teroperability between different systems difficult (Himeur et al., 2023, 

pp. 4987–4991). 

Another challenge lies in varying levels of actor expertise, use-case specific-

ity, and cultural barriers. Different stakeholders, from large real estate firms 

to small property owners, exhibit diverse degrees of digital maturity. While 

advanced AI-driven analytics can yield valuable insights for professional 
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organizations, smaller actors often require simpler and more accessible solu-

tions. To ensure usability and effectiveness, analytical approaches must be tai-

lored to the specific needs and capabilities of each user group. In any case, the 

demand for AI specialists in the real estate industry is expected to grow further 

(Abioye et al., 2021, p. 10). 

Technological constraints and computing power also play a role. Some ana-

lytics applications, such as real-time sensor data processing or AI-based sim-

ulations, require high-performance computing and scalable data storage. Not 

all actors have access to the necessary infrastructure, and solutions must bal-

ance computational demands with practical implementation feasibility (Abi-

oye et al., 2021, p. 10). 

Financial considerations influence the adoption of data analytics too. Setting 

up and maintaining analytics solutions can be costly, particularly for smaller 

firms. These kind of actors must weigh costs and benefits of data analytics 

technologies carefully (Abioye et al., 2021, p. 10). 

Finally, privacy, security, and compliance risks must be considered, particu-

larly for analytics that process sensitive building or occupant data. Regulatory 

requirements, such as data protection laws, must be met to ensure trust in data-

driven decision-making. Additionally, cybersecurity risks increase as more 

data are collected, shared, and analyzed across multiple platforms (Abioye et 

al., 2021, p. 10; Himeur et al., 2023, p. 4991). 

4.6 Data security 

Data security is essential in BISs to protect building-related data from unau-

thorized access, corruption, and loss. In the multi-actor environment and long-

term perspective of BISs, security measures must ensure the confidentiality, 

integrity, and availability of data while supporting controlled access and sys-

tem resilience throughout the building life cycle. 

This section examines key aspects of BIS data security: access control mech-

anisms regulate permissions and secure interactions (section 4.6.1), data own-

ership and governance define usage rights and responsibilities (section 4.6.2), 

security measures address preventive and technical protections (section 4.6.3), 
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and blockchain technology explores its role in enhancing data integrity and 

trust (section 4.6.4). 

4.6.1 Access controlling in information systems 

Access control is a fundamental component of data security, ensuring that only 

authorized individuals can access specific data and resources. In BISs, where 

multiple actors might interact with shared data, effective access control is cru-

cial. It safeguards sensitive information, maintains data integrity, and fosters 

trust by preventing unauthorized access and misuse. Given the diversity of 

actors and the dynamic nature of building-related data, access control must not 

only enforce security but also support usability and collaboration. Two options 

stick out: 

• Role-Based Access Control (RBAC) assigns permissions based on pre-

defined roles (Eckert, 2018, p. 243), making it well-suited for structured, 

task-oriented environments such as BISs. For example, architects, engi-

neers, or facility managers can be assigned specific access rights based 

on their responsibilities. However, the static nature of RBAC may pose 

challenges in dynamic scenarios where access needs frequently change. 

• Attribute-Based Access Control (ABAC) provides more flexibility by al-

lowing access decisions to be based on attributes such as project phase, 

user location, or environmental conditions (Hu, 2018, p. 14). This makes 

it particularly relevant for BISs that integrate real-time data and manage 

access across multiple life cycle stages. 

A hybrid approach combining RBAC and ABAC can offer a balance between 

structured role-based management and dynamic, context-aware access con-

trol. Hu (2018, pp. 47–48) identifies different ways to integrate both models, 

such as dynamically assigning users to roles based on attributes or refining 

role-based permissions with policy-based rules. This allows for greater adapt-

ability while maintaining the advantages of predefined roles. Identity and Ac-

cess Management (IAM) frameworks play a key role in implementing such 

hybrid models, ensuring that user identities, roles, and policies are managed 

efficiently while maintaining compliance and scalability in BIS environments. 
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New developments in access control may further influence future applications. 

Concepts such as Policy-Based Access Control (PBAC), Risk-Adaptive Ac-

cess Control (RAdAC), and Self-Sovereign Identity (SSI) introduce more dy-

namic and decentralized approaches to access management (Pricewaterhouse-

Coopers, 2024). While these trends are gaining traction, RBAC and ABAC 

remain fundamental for BISs, with hybrid models likely offering the most 

practical solutions for balancing security, flexibility, and operational effi-

ciency. 

4.6.2 Data ownership and governance 

Data ownership, also called data sovereignty in the context of information sys-

tems (Scherenberg et al., 2024, p. 5), generally denotes an actor’s control over 

data (Graux, 2024, p. 4). The literature distinguishes between ownership and 

use privileges, whereas use privileges refer to the possibility access, modify, 

create, and manipulate data while ownership is concerned with the right to 

control these privileges (Asswad & Marx Gómez, 2021, p. 5). In BISs and 

similar multi-actor environments typical of the real estate industry, clear own-

ership frameworks are essential to ensure trust, facilitate collaboration, and 

prevent disputes over data use. However, defining and managing who can con-

trol, access, and use data in BISs is particularly complex due to several factors: 

• Overlapping claims on data: Multiple actors contribute to and rely on the 

same data throughout a building’s life cycle, making it difficult to deter-

mine exclusive ownership. For instance, as-built documentation may be 

created by contractors but expected to be controlled by building owners. 

• Fragmentation across systems and formats: Data are often stored in dif-

ferent software environments and formats, leading to silos that hinder ac-

cessibility and governance. 

• Balancing ownership with access needs: While data contributors may 

claim ownership rights, BISs often rely on shared access to ensure oper-

ational efficiency and compliance with legal and contractual obligations. 

• Life cycle transitions: Data ownership may shift over time, for example, 

when a project moves from the construction stage to use, requiring gov-

ernance mechanisms that reflect these transitions. 



4  Technologies for managing building-related data 

136 

To address these challenges, different types of ownership models can be ap-

plied. A common distinction is based on how ownership is distributed, differ-

entiating between centralized, decentralized, and federated models. In addi-

tion, various data access and compensation models determine how data are 

shared and monetized (Table 4.3). 

Table 4.3: Types of data ownership models and their applicability to BISs based on Mash-

hadi et al. (2014) and Atlan (2025) 

Type of 

ownership 

model 

Model 

specifi-

cation 

Functionality Applicability to BISs 

Distribution 

of owner-

ship ap-

proach 

Central-

ized 

One entity holds 

exclusive control 

over all data 

Simplifies governance and 

integration; works well in 

vertically integrated set-

tings but limits actor auton-

omy 

 Decen-

tralized 

Control over data 

is distributed 

among individual 

actors 

Promotes autonomy and 

flexibility; requires strong 

identity and access man-

agement to coordinate data 

use 

 Feder-

ated 

Multiple actors 

share control over 

the same dataset 

under common 

rules 

Supports collaboration and 

reduces data duplication; 

adds complexity to govern-

ance and conflict resolution 

Data access 

and com-

pensation 

model 

Pay-per-

use 

Temporary data ac-

cess priced accord-

ing to usage 

May incentivize sharing in 

commercial settings; less 

suitable where trust and 

transparency are more im-

portant 

 Data 

market 

Data are shared for 

monetary compen-

sation under spe-

cific conditions 

Useful for monetizing pro-

prietary data; requires clear 

contracts and access track-

ing mechanisms 
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 Open 

data 

Data are made pub-

licly accessible 

without direct com-

pensation 

Supports transparency and 

innovation; limited to non-

sensitive data and requires 

proper anonymization prac-

tices 

 

The choice of a suitable data ownership model in BISs depends on various 

factors, including contractual agreements, regulatory requirements, and the 

underlying technological infrastructure. One key consideration is the sensitiv-

ity or confidentiality of the data involved. Depending on its nature, access to 

data may be classified as private, restricted, or public, each classification in-

fluencing which ownership and sharing models are most appropriate. Clearly 

defined access levels help align data use with compliance requirements and 

actor-specific responsibilities. 

ICT plays a crucial role in supporting the practical implementation of data 

ownership strategies. Technologies such as blockchain (section 4.6.4) facili-

tate the automation and enforcement of ownership agreements through smart 

contracts, providing transparency and reducing potential disputes. Metadata 

and provenance tracking make ownership explicit within data records by doc-

umenting origins, changes, and attribution. Access logs further contribute to 

accountability by recording data interactions. While these technologies do not 

define ownership per se, they form the technical foundation necessary for op-

erationalizing ownership frameworks. 

To integrate data ownership into practice, BISs must be supported by govern-

ance frameworks that clarify roles and responsibilities. Assigning data stew-

ards, a role originating in research data management but also extending more 

broadly to data administration, can help ensure ethical, high-quality, and con-

sistent data use (Wendelborn et al., 2023, p. 4). Formalized data-sharing agree-

ments define ownership, access rights, and obligations among stakeholders 

(Scherenberg et al., 2024, p. 6). Since ownership structures may shift over 

time, governance models must remain adaptable to support long-term collab-

oration, usability, and compliance across all life cycle stages. 
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4.6.3 Measures for data security 

Ensuring data security in BISs requires a structured approach that protects 

shared and sensitive building-related data throughout its life cycle. BISs face 

specific security challenges, such as securing multi-actor data exchanges, 

maintaining immutability and traceability of information, and managing secu-

rity risks in cloud environments. In BISs, data security is not a one-time tech-

nical configuration but an ongoing process that combines organizational, tech-

nical, and actor-related measures (DIN EN ISO /IEC 27001:2017-06; DIN EN 

ISO /IEC 27002:2024-01). 

A key objective of security management in BISs is to minimize unauthorized 

access, data corruption, and operational disruptions while maintaining acces-

sibility for authorized users. In practice, this requires balancing strong security 

controls with the flexibility needed for actors to collaborate effectively. Since 

the characteristics and requirements of BISs can vary, different security 

measures may be applied depending on the system design and governance 

framework. The following selection highlights important security aspects rel-

evant to BISs. The following selection highlights important security aspects 

relevant to BISs. These aspects should be regarded as complementary to basic 

organizational and technical security measures commonly applied in infor-

mation systems. 

• Access control and identity verification help regulate permissions while 

enabling necessary interactions between different actors across various 

life cycle stages. 

• Ensuring data integrity, immutability, and traceability is essential to 

maintaining trustworthy information, particularly when data transitions 

between different life cycle stages. 

• Encryption and secure communication protect data from unauthorized 

access, both during storage and transmission. 

• Cloud security strategies include defining governance agreements that 

address data persistence, encryption policies, and compliance require-

ments (e.g., service-level agreements). In practice, organizations increas-

ingly evaluate where cloud data are physically stored, as data location 
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can be a factor in legal compliance and trust (e.g., preference for servers 

within specific jurisdictions). 

Security considerations are particularly relevant when dealing with multi-ac-

tor access to critical building information. The transition of data across life 

cycle stages, such as from construction to operation, introduces risks related 

to data integrity, versioning, and access governance. Clear access policies and 

protection mechanisms help mitigate these risks while maintaining data usa-

bility. 

As cloud-based BISs and platforms become more common (section 4.3.4), se-

curity strategies must ensure data sovereignty and compliance with regula-

tions. Organizations using cloud services must consider jurisdictional require-

ments, contractual safeguards, and data protection standards to ensure long-

term data security and reliability. 

By implementing security measures that address these BIS-specific risks, or-

ganizations can strengthen trust among actors and ensure that BISs function 

as a secure and reliable single source of truth for building-related information. 

4.6.4 Blockchain technology 

4.6.4.1 Blockchain use cases 

Blockchain technology has gained increasing attention within the real estate 

industry due to its potential for ensuring data integrity, traceability, and de-

centralized trust mechanisms. While primarily known for its role in cryptocur-

rencies, blockchain offers data security and governance features that are also 

relevant for BISs. Blockchain’s key characteristics, including immutability, 

decentralization, and cryptographic security, enable new approaches to data 

storage, verification, and collaboration (Eckert, 2018, p. 827; Hansen et al., 

2019, p. 409). 

In the context of BISs, blockchain does not replace existing data infrastruc-

tures but rather has the ability to serve as a complementary mechanism to en-

hance trust, security, and transparency in multi-actor data environments. De-

pending on the life cycle stage, blockchain can support various BIS 

applications, as summarized in Table 4.4. 
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Table 4.4: Use cases of blockchain in the real estate industry 

Life cycle stage Possible applications of 

blockchain 

Evidence 

Development 

stage 

Land administration and 

registration  

(Mezquita et al., 2022, 

p. 1019; Saari et al., 2022, 

p. 7) 

Construction 

stage 

Traceability in supply chain 

management  

(Eckert, 2018, p. 827) 

 Replacing centralized con-

fidentiality authorities (no-

tary)  

(Eckert, 2018, p. 827; 

Saari et al., 2022, p. 10) 

 Smart contracts (Saari et al., 2022, p. 10) 

 Assignment of unique ob-

ject identifiers (UBIs) for 

building components and 

buildings  

(Jedelsky, 2022, p. 480) 

 Storing of BIM projects  (Ganter & Lützkendorf, 

2019, p. 6; Turk & Klinc, 

2017, p. 643) 

Use stage Traceability of owner his-

tory  

(Eckert, 2018, p. 827) 

 Protocolling of real estate 

management and mainte-

nance activities  

(Saari et al., 2022, p. 12) 

 Replacing central admin-

istration in IoT networks  

(Eckert, 2018, p. 827) 

 

 Real estate tokenization  (Jedelsky, 2022, p. 479; 

Saari et al., 2022, p. 9) 

 Integration with digital 

twins 

(Hellenborn et al., 2024, 

p. 25; Tavakoli et al., 

2024, p. 6) 

End-of-life 

stage 

Traceability of construction 

materials and products 

(Celik et al., 2023, p. 13) 
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A widely discussed application of blockchain is the use of smart contracts. 

Unlike traditional contracts, smart contracts operate as self-executing digital 

agreements stored on a blockchain, automating processes such as service-level 

agreements (SLAs), payments, or access control enforcement (Eckert, 2018, 

p. 836). For BISs, this could streamline transactions between actors while re-

ducing administrative overhead and increasing compliance transparency. 

Beyond security applications, blockchain is also considered for long-term data 

storage and archiving in BISs. As building-related data accumulates over dec-

ades, ensuring its verifiability and immutability becomes a challenge. Block-

chain could serve as a tamper-proof registry for key building information, in-

cluding planning records, building permits, and ownership history.  

4.6.4.2 Implementation challenges 

While blockchain presents significant opportunities for BISs, its implementa-

tion must be carefully managed to address technical, organizational, and reg-

ulatory challenges. A major consideration is balancing transparency with data 

confidentiality. Since blockchain inherently preserves all transactions in a dis-

tributed ledger, integrating it with privacy-enhancing techniques, such as en-

cryption and permissioned blockchains, is necessary to protect sensitive build-

ing-related data (Garcia-Teruel, 2020, p. 141; Hunhevicz & Hall, 2020, p. 9). 

Another challenge is scalability, particularly for high-volume data such as 

real-time data from technical monitoring. While blockchain ensures data in-

tegrity, its efficiency decreases as the size and frequency of recorded transac-

tions increase (Garcia-Teruel, 2020, p. 136). This highlights the need for hy-

brid approaches, where blockchain is selectively applied for critical records, 

such as data with a high level of sensitivity, rather than general-purpose data 

storage (Parn & Edwards, 2019, p. 259). Moreover, the benefits of automation, 

immutability, and traceability, often associated with blockchain, should be 

evaluated carefully, as many of these advantages can also be achieved through 

broader digitalization strategies without introducing blockchain-specific com-

plexity. 

From a legal and regulatory perspective, the decentralized nature of block-

chain also raises data sovereignty concerns. In practice, organizations 
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increasingly scrutinize where data are physically stored, even when using de-

centralized networks. In cloud-based BISs, this issue is already a concern, as 

certain regulations (e.g., GDPR) require data to be stored within specific ju-

risdictions. Blockchain implementations must therefore align with governance 

frameworks that clarify data residency, access rights, and compliance 

measures (Hunhevicz & Hall, 2020, p. 9).  

Additional legal challenges include the reliable identification of involved par-

ties, the legal validity and enforceability of smart contracts, and the verifica-

tion and protection of property rights that are directly attached to the asset 

itself. Furthermore, practical issues such as registering co-ownership, making 

legally recognized amendments to an immutable ledger, and ensuring con-

sumer protection remain unresolved in many jurisdictions (Garcia-Teruel, 

2020, p. 136). 

Although blockchain is often associated with disintermediation, in practice, 

the removal of intermediaries in BISs may not always be feasible or desirable. 

Trusted third parties, such as regulators, certifiers, or data verifiers, may still 

play a critical role, particularly in contexts requiring legal accountability, data 

validation, or complex stakeholder coordination. This reflects findings in other 

domains, where disintermediation has remained limited despite technical pos-

sibilities (Saari et al., 2022, p. 16). 

Furthermore, the successful application of blockchain in BISs depends not 

only on technical architecture but also on organizational readiness. Barriers 

such as limited technical expertise, resistance to change, and misalignment 

between stakeholders can significantly delay or hinder adoption. These chal-

lenges underscore the need for targeted capacity building and clear incentives, 

especially in sectors where traditional data practices remain dominant (Saari 

et al., 2022, p. 13). 

While blockchain is not a universal solution, it introduces new possibilities for 

enhancing security, transparency, and long-term data reliability in BISs. Its 

success, however, depends on careful integration with BIS architectures, a re-

alistic assessment of its added value, and the ability to address both technical 

and institutional challenges in practice. Given its storage limitations and asso-

ciated costs (Hunhevicz & Hall, 2020, p. 9), blockchain is unlikely to serve as 
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the primary data storage medium in BISs. Instead, it is better suited as an ad-

ditional verification layer, integrated with cloud platforms or federated data 

infrastructures to ensure data integrity and trustworthiness. 

4.7 Summary 

This chapter analyzed the role of ICT in building-related information manage-

ment, focusing on its implications for data collection, storage, sharing, quality 

management, analytics, and security. The findings highlight critical challenges 

and requirements for BISs, particularly in ensuring structured, interoperable, 

and scalable information management across diverse actors and life cycle 

stages. 

• Data collection requires integrating structured and machine-readable 

data into BISs while ensuring interoperability with later processes. Orig-

inal data collection techniques often demand experts and specialized sys-

tems, making data transfer and standardization crucial for BIS usability. 

The smooth integration of primary and secondary data sources empha-

sizes the need for interoperable formats, efficient workflows, and struc-

tured data models. 

• Data storage must be modular and adaptable to different data types, sup-

porting flexible combinations of cloud and local storage depending on 

security and control requirements. Multi-actor environments benefit from 

cloud-based solutions, while large enterprises or highly sensitive data 

may require hybrid approaches. Architectural patterns that ensure scala-

bility, flexibility, and structured data organization are essential. 

• Data sharing remains a challenge due to the coexistence of structured 

and unstructured formats. While structured data enables interoperability 

and further processing, many actors still rely on semi-structured or un-

structured formats. LD/SW technologies offer potential for bridging data 

standards, though existing building-related standards are often too com-

plex or rigid for widespread adoption. The increasing trend of platforms 

and data rooms integrates multiple technologies to enhance data sharing 

between actors. 
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• Data quality management is not an isolated task but must be integrated 

across all stages of information management. Quality is influenced by 

multiple factors, requiring defined requirements for different data types 

and appropriate automated validation and structuring measures. Ensuring 

traceability, reliability, and compliance with data governance frame-

works is key to maintaining high-quality datasets. 

• Data analytics offers considerable potential throughout the entire build-

ing life cycle, from design optimization to predictive maintenance and 

sustainability assessments. However, data quality and structure signifi-

cantly impact the feasibility and effectiveness of analytics applications. 

Tailored solutions are necessary, aligning analytical methods with the 

specific characteristics of available data and the needs of actors. 

• Data security is a fundamental aspect of information quality and in-

cludes access control, data ownership and management, dedicated secu-

rity measures, and the potential application of blockchain technology. In 

multi-actor environments, security mechanisms are essential for creating 

trust and ensuring compliance, balancing openness with protection of 

sensitive information. 

The chapter underscores that BISs must integrate ICT solutions tailored to in-

formation management tasks while prioritizing interoperability, flexibility, 

and security. These findings provide the foundation for defining a requirement 

profile in the following chapter, ensuring that BISs are designed to meet prac-

tical challenges and emerging demands in the digital management of building-

related data. 
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5 Development of a requirement 
profile for a life cycle building 
information system 

There are permanent difficulties in dealing with building-related data and un-

resolved matters in life cycle-oriented information management. At the same 

time, modern technologies offer significant potential for enhancing building-

related information management. The question remains how the knowledge 

about data requirements and about technical solutions can be used in a BIS 

that assists building owners and other actors throughout the life cycle. To an-

swer this question, chapter 5 builds upon the insights of chapters 2, 3, and 4 

in order to formulate requirements that a BIS should fulfill ideally. This ap-

proach to systematically deriving a requirement profile for a BIS based on 

both theoretical and practical insights does not yet exist in this form in the 

literature.  

First, the role of BISs will be grounded in information management and the 

initial definition will be enhanced to indicate the life cycle perspective (section 

5.1). Second, general requirements on the main functions, system boundaries 

and usefulness (section 5.2) as well as actor-specific requirements will be for-

mulated (section 5.3). Third, requirements on the availability (section 5.4) and 

overall quality of building-related data in a BIS (section 5.5) will be identified, 

before also system-related requirements will be dealt with (section 5.6). To-

gether, these elements form a consolidated requirement profile, which is sum-

marized in section 5.7 and operationalized in a fact sheet format. 
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Figure 5.1: Structure of chapter 5 

5.1 Preliminary remarks 

Before specifying concrete requirements, it is necessary to clarify the role of 

BISs in the broader context of building-related information management. Sec-

tion 5.1 outlines how BISs are connected to fundamental information manage-

ment tasks and identifies the core processes they are intended to support. In 

doing so, it establishes the conceptual foundation for deriving requirements, 

which will be further specified and extended with a life cycle perspective in 

the subsequent sections. 

5.1.1 Building information systems and information 
management tasks 

BISs are expected to facilitate improvements in building-related information 

management. Actors that are involved in the design, construction, and opera-

tion of a building are in need of specific solutions for information manage-

ment. This specificity is based on tasks that actors fulfill on specific occasions 

in the building life cycle. A BIS should ideally offer an appropriate infor-

mation management solution for a specific task and therefore meet the demand 

of actors on those solutions. This connection has been specified in a former 

publication from the author (Figure 5.2). 

5.2 General requirements and framework
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5.6 System-
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Figure 5.2: Role of building information systems in the context of life cycle information 

management (Buchholz & Lützkendorf, 2024, p. 3) 
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the management of the supply, demand, and exchange of information. A main 
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mation supply and demand in tasks during the life cycle of a building. Tradi-

tionally, this gap can be large in the real estate industry compared to other 

industries, based on diverse problems in information management (section 

3.4). Based on the basic functions of information management (Krcmar, 2015, 
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• information resources, acting as the representation of information within 

the system,  

• information supply, facilitated by an application software with which us-

ers use the system, 

• information needs and demand of potential users, 

• information usage, depending on the scope of use cases, and 

• information processing and communication in order to facilitate the in-

formation flows. 

These dimensions represent the core of a holistic approach on information 

management (section 2.2.3). In order to achieve the intended relevance in 

building-related information management in a modern ICT environment, a 

BIS must facilitate the core processes of dealing with building-related data: 

Collecting, storing, and sharing. Within the following sections, the specifica-

tion of a requirement profile will identify the preconditions for a BIS to meet 

these functions. 

5.1.2 Need for a life cycle building information 
system 

The findings of the analysis in chapter 3 concerning information management 

within the real estate industry included two main aspects: First, the long-term 

storage and maintenance of building-related data is crucial to make these data 

available in the right quality when needed at specific occasions. Second, this 

need for data results in the need to create and collect a specific set of data 

throughout several life cycle stages. 

With the help of these aspects, the role of BISs can be concretized. By enhanc-

ing the initial definition of a BIS (section 2.4.1), the need for improvements in 

building-related information management can be addressed. The crucial as-

pect lies in adding the life cycle perspective to the definition in order to stress 

the need for an overarching connection and interoperability between building-

related data, tasks, actors, tools, and technologies. Additions are indicated in 

bold. 
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A life cycle building information system (LC-BIS) is a hu-

man-machine-interrelated system that supports building own-

ers and other actors involved in managing building-related 

information throughout the building life cycle by facilitating 

the collection, storage, sharing, and use of building-related 

data. 

The overarching objective of a LC-BIS is to support real estate management 

by improving information management practices. At the level of individual 

buildings, this includes enabling informed decisions related to sustainability 

objectives, such as limiting environmental and climate-related impacts, or pre-

serving asset value over time. When applied at the level of building portfolios 

or entire building stocks, the potential benefits increase further, as consistent 

and comparable data can support strategic decision-making, transparency, and 

the reduction of information gaps and asymmetries. 

5.2 General requirements and framework 

Section 5.2 outlines the overarching requirements that define the scope and 

functional orientation of LC-BISs. These include requirements regarding the 

object of consideration (section 5.2.1), the main system functions (section 

5.2.2), and the expected usefulness and economic viability of the system (sec-

tion 5.2.3). Together, these aspects form the framework conditions under 

which LC-BISs can support life cycle-oriented information management. 

5.2.1 Requirements on objects of consideration 

A LC-BIS should primarily focus on individual buildings and their inherent 

characteristics. The object of consideration is defined by the properties and 

attributes of a specific building, framed as “building-related data” as defined 

in section 3.1. The scope of building-related data maintained in a LC-BIS must 

be clearly defined in order to specify system functionality and to distinguish 

LC-BISs from other types of building information systems. 

An LC-BIS should not be restricted to specific building use types but must be 

applicable to both residential and non-residential buildings. Differences in 
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data scope, level of detail, and update frequency may arise depending on build-

ing type, size, and complexity. The system must therefore be adaptable with 

respect to data granularity and functionality, while maintaining a consistent 

overall structure. 

In cases where buildings involve multiple owners or differentiated responsi-

bilities, the LC-BIS must support a clear delineation of the object of consider-

ation and associated data responsibilities. While the system may address the 

building as a whole, it must also be capable of distinguishing between shared 

building components and privately assigned units. This differentiation is re-

quired to enable appropriate access rights, ensure data protection, and support 

decision-making processes at both individual and collective levels. 

A defining requirement of a LC-BIS is the integration of a life cycle perspec-

tive that extends across all stages of a building’s existence. These stages range 

from planning and design through construction, operation, renovation, and de-

construction or demolition (section 2.1.2). The LC-BIS must therefore be ca-

pable of managing building-related data in a manner that ensures their rele-

vance, accessibility, and usability throughout the entire life cycle. 

To support life cycle-oriented information management, a LC-BIS must sys-

tematically relate building-related data to time. This includes  

• documenting the time of data creation or collection,  

• defining periods of validity in relation to specific life cycle contexts, and  

• maintaining version histories to reflect changes over time.  

Temporal referencing is particularly important for tasks such as permitting, 

renovation planning, and building documentation, where data validity and 

consistency are critical. 

The scope of a LC-BIS must further accommodate the diverse actors and tasks 

involved throughout the building life cycle. This includes actors who create, 

manage, demand, or use building-related data, such as building owners, plan-

ners, contractors, real estate managers, and public authorities. The LC-BIS 

must support both time-specific tasks, such as permitting, handovers, mainte-

nance, and refurbishments, as well as cross-cutting tasks that occur across 
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multiple life cycle stages, including property valuation, risk management, 

marketing, and sustainability assessments and reporting. 

5.2.2 Requirements on core functions  

The core functions of a life cycle building information system (LC-BIS) derive 

from its overarching purpose of supporting building-related information man-

agement and, more specifically, the management of building-related data. To 

fulfill this purpose, a LC-BIS must primarily function as a life cycle-oriented 

data repository that enables the reliable provision of building-related data for 

actors and their tasks. 

In its role as a data repository, a LC-BIS must enable actors to add, retrieve, 

and update building-related data in a structured manner. These functions cor-

respond to the fundamental operations of writing, reading, and modifying data. 

The LC-BIS must provide controlled access to data when required, thereby 

supporting task-specific information demand throughout the building life cy-

cle. By integrating building-related data from diverse sources, the LC-BIS 

should serve as a single source of truth, increasing data reliability and trust 

among actors. 

A defining functional requirement of a LC-BIS is the facilitation of consistent 

data collection and storage across all life cycle stages (“durchgängige Daten-

haltung”). This continuity is essential to reduce information loss and media 

discontinuities, which frequently occur at life cycle transitions and during 

handovers between actors. To support these processes, the LC-BIS must or-

ganize building-related data in a systematic and comprehensible way, poten-

tially supported by a data model and appropriate ICT infrastructure. While a 

LC-BIS is not necessarily a dedicated data quality management system, its 

structured organization of data and defined processes can substantially con-

tribute to maintaining data quality. 

Beyond its repository function, a LC-BIS must support the systematic docu-

mentation of building-related information. In this role, the system facilitates 

the structured collection of data at defined occasions throughout the building 

life cycle, such as planning documentation, construction records, maintenance 

activities, and transactions. To be effective, this documentation function 
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requires clear specifications regarding data formats and quality expectations, 

ensuring that relevant information is consistently captured and reusable for 

subsequent tasks. 

By enabling controlled access to shared data, the core functions of a LC-BIS 

inherently support data sharing among actors. As a minimum requirement, the 

system must facilitate structured information exchange and collaboration 

based on shared data resources. Depending on the implementation, a LC-BIS 

may additionally support real-time communication between actors; however, 

such capabilities are not a prerequisite for fulfilling its core functions. 

Table 5.1 gives an overview of the interpretation of the roles a LC-BIS fulfills.  

Table 5.1: Core functions and characters of life cycle building information systems 

Interpretation 

as… 

Explanation 

Data repository 

(data and docu-

ment collection) 

Life cycle-oriented collection of building-related data 

and documents with the goal to store and manage infor-

mation and make it available when needed 

Documentation 

tool 

Tool that facilitates the systematic collection of build-

ing-related data either for a specific task in the building 

life cycle or across different activities 

Data sharing / 

Communication 

platform 

Collaborative platform that enables options for commu-

nications for different actors throughout the real estate 

value chain 

Data quality 

management tool 

Tool to ensure the right quality of building-related data 

according to the preferences of users by facilitating 

data organization and implementing processes to meet 

data quality goals 

Standardization 

tool 

Tool for a standardization of building-related data in 

terms of data formats, data structure, and information 

management processes in general 

Digitalization 

tool 

Tool that enables actors of the real estate industry to 

digitize building-related data and processes by taking 

advantage of suitable ICT solutions 
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By fulfilling these core functions, a LC-BIS contributes to decision-making, 

administration, and knowledge management for building-related tasks 

throughout the life cycle. Building on this foundation, LC-BISs may evolve to 

include extended functions that enhance their analytical and decision-support 

capabilities. These extended functions are not essential prerequisites but rep-

resent optional developments that depend on system maturity, organizational 

needs, and available data quality. Examples include:  

• Data analytics and assessment tool: Automated processes to analyze data 

that are available in a LC-BIS, e.g. for sustainability assessments, prop-

erty valuations, risk assessments etc. 

• Action plan and guide: Active decision support based on prescriptive data 

analytics, e.g. for decarbonization roadmaps or predictive maintenance 

• Visualization tool: Visualization of data to improve comprehensibility, 

also in connection with virtual building models (BIM, digital twins) 

• Data and document creation tool: Creation of new data through data an-

alytics and automated processes and structurization in specific docu-

ments, e.g. for sustainability reporting 

Figure 5.3 shows in a simple scheme how the functions can be understood in 

the overall context of the BIS functionality. The data repository function is 

central to facilitate other functions. 

 

Figure 5.3: Core functions and extended function of life cycle building information systems 
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The functions described in this section will be considered in the specification 

of actor-specific requirements (section 5.3). 

5.2.3 Requirements on usefulness and economic 
viability 

A LC-BIS must be economically viable or, at the very least, advantageous in 

a broader sense, ensuring that its benefits outweigh its costs over the longer 

term. Economic viability is expected to be a fundamental condition for the 

successful implementation and sustained use of LC-BISs, a point also high-

lighted by expert input (section B.1). 

The overarching hypothesis is that life cycle-oriented information manage-

ment, supported by LC-BISs, holds significant potential for the real estate in-

dustry. However, a key challenge lies in determining whether actors in the 

industry can adequately value building-related data and whether the value of 

such data can be appropriately monetized. This underscores the need for LC-

BISs to demonstrate clear, quantifiable benefits to encourage adoption and in-

vestment. 

Two typical challenges of information management in the real estate industry 

must be addressed to achieve economic viability: 

• Short-Term Costs vs. Long-Term Benefits: There is a prevailing ten-

dency within the industry to prioritize the short-term costs of information 

management, particularly data collection, over the long-term benefits de-

rived from structured, life cycle-oriented data use. This mindset often in-

hibits the realization of the full value potential of LC-BISs. 

• Uneven Distribution of Costs and Benefits: The costs and benefits asso-

ciated with data management are often distributed unevenly among ac-

tors. For example, data required during the use stage must frequently be 

collected during construction or final inspection. Yet, construction com-

panies are typically not commissioned to perform this task and lack in-

herent motivation to do so, as they do not directly benefit from these data 

during their immediate scope of work. 
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These challenges not only affect actors in their different roles across the build-

ing life cycle but also impact individual employees within organizations, who 

may struggle to justify the allocation of resources toward long-term data initi-

atives. 

To ensure economic viability, solutions are needed to address the systemic 

challenges outlined above. These solutions should include the development of 

business models and contractual arrangements that: 

• Align incentives across different actors and life cycle stages, ensuring 

that those responsible for data collection are appropriately compensated 

or motivated. 

• Promote shared value creation by demonstrating how LC-BISs generate 

tangible benefits for all involved actors over the life cycle of a building. 

• Support mechanisms to quantify and communicate the value of high-

quality building-related data. 

On the other hand, the costs associated with the initial setup, administration, 

and use of a LC-BIS should remain at a manageable level, as excessive costs 

may deter potential users. This consideration extends beyond monetary ex-

penses to include factors such as the skills required to operate the system. This 

aspect is closely linked to the requirements for ease of use and operability of 

a BIS (section 5.6). 

Another key requirement for LC-BISs is to mitigate risks associated with in-

complete or poor-quality data. In a fast-paced economy, where decision time-

lines are shrinking, actors in the real estate industry are beginning to recognize 

the risks of inadequate data management. This recognition is partly driven by 

external pressures, such as non-financial reporting obligations, but there re-

mains substantial potential for further integration of data as a central compo-

nent of risk management strategies. By addressing these risks, LC-BISs can 

influence the economic assessment of data collection and storage, emphasiz-

ing their role in reducing uncertainties and fostering value creation. 
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5.3 Actor- and task-specific requirements on 
functionality 

Section 5.3 focuses on how LC-BISs must accommodate the diverse needs of 

actors and tasks throughout the building life cycle. Building on the general 

system requirements, the section differentiates between requirements arising 

from core life cycle tasks (section 5.3.1), cross-functional tasks (section 5.3.2),  

the public sector (section 5.3.3), and sustainability-related activities (section 

5.3.4). The goal is to ensure that LC-BISs provide targeted support for specific 

decision-making contexts. 

5.3.1 Tasks throughout the life cycle 

LC-BISs must support actors in performing tasks that arise at different stages 

of a building’s life cycle. Functional requirements therefore vary depending 

on the timing, purpose, and organizational context of these tasks. To remain 

effective, a LC-BIS must adapt its functionality to changing information man-

agement needs while maintaining continuity of data availability and usability 

across stages (Figure 5.4). 

During the early life cycle stages, including planning and construction, infor-

mation management is characterized by intensive data creation and documen-

tation activities. At the same time, data collection is often perceived as an ad-

ditional burden within project-based workflows. A LC-BIS must therefore 

support streamlined and structured documentation processes that integrate 

smoothly into existing workflows. This includes providing clear guidance on 

how information is to be recorded, supporting standardized handovers, and 

reducing redundant documentation efforts. Interoperability with other infor-

mation systems used during these stages, such as planning, project manage-

ment, or modeling tools, is a key functional requirement to avoid inefficiencies 

and information loss. In fulfilling these functions, the LC-BIS contributes to 

establishing a reliable information basis for subsequent life cycle stages. 

Once a building enters the use phase, the functional focus of a LC-BIS shifts 

toward ensuring efficient access to information, supporting collaboration be-

tween actors, and enabling informed decision-making. Tasks related to 
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operation, maintenance, and refurbishment planning require that relevant in-

formation remains accessible, comprehensible, and up to date over long peri-

ods of time. A LC-BIS must therefore support task-specific access to infor-

mation for different actor groups, such as portfolio, asset, and facility 

managers, while accommodating varying levels of technical expertise and or-

ganizational capacity. Advanced functional capabilities, such as data aggrega-

tion, visualization, and automation, may be required to support complex deci-

sion-making processes, whereas simpler use cases may prioritize ease of use 

and intuitive system navigation. Functional flexibility is thus a key require-

ment to address heterogeneous user needs. 

At later stages of the building life cycle, including major renovations, changes 

of use, or deconstruction, the LC-BIS must ensure that historically collected 

information remains available and interpretable. Functional requirements at 

these stages include the ability to retrieve and contextualize information that 

was created under different conditions and by different actors. By preserving 

continuity in information management, a LC-BIS supports planning, compli-

ance, and decision-making processes that depend on long-term documenta-

tion. 

 

Figure 5.4: Relevance of life cycle building information systems functions throughout the 

building life cycle 
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5.3.2 Cross-functional tasks 

Cross-functional tasks, often carried out by experts such as building surveyors, 

risk analysts, and marketing professionals, pose specific requirements on LC-

BISs. These tasks benefit from the system’s core functions, particularly as a 

data repository and communication platform, enabling centralized access to 

high-quality building-related data. 

For property valuation, a LC-BIS must support the provision of building-re-

lated data in the appropriate quantity and quality. Ideally, surveyors can access 

data that are increasingly relevant in property valuation, particularly in the 

context of sustainability criteria. Based on the availability of high-quality 

building-related data, LC-BISs offer potential for automation to streamline 

valuation processes, either by reducing manual data input or by facilitating 

algorithm-based assessments. These requirements reflect the potential for LC-

BISs to broaden access to valuation insights for both experts and non-experts. 

In risk management, actors rely on building-related data to assess performance 

and location-specific risks. Standardized and readily available data are essen-

tial to support consistent and reliable risk assessments. In property transac-

tions, LC-BISs can reduce the costs and efforts associated with due diligence, 

enabling more efficient and timely decision-making. 

For marketing, LC-BISs can serve as the foundation for automated processes 

such as generating real estate brochures and integrating virtual reality technol-

ogies to enhance presentation capabilities. Requirements include the ability to 

structure and access data efficiently, reducing manual effort and costs while 

improving marketing outreach. Moreover, LC-BISs that facilitate data sharing 

and communication between actors and building owners enhance collabora-

tion in cross-functional workflows, improving efficiency and reducing incon-

sistencies. 

5.3.3 Public sector perspective 

The public sector places specific functional requirements on LC-BISs due to 

its roles as building owner, developer, regulator, and policymaker. In these 
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capacities, public authorities depend on structured and reliable building-re-

lated information to support administrative, strategic, and regulatory tasks. 

A LC-BIS must enable the provision of standardized and comparable build-

ing-related data that can support statistical analyses and monitoring activities 

at municipal, regional, or national levels. This includes facilitating access to 

information relevant for building stock assessments, energy performance 

monitoring, and housing-related analyses. By providing structured and in-

teroperable data, a LC-BIS can reduce the effort associated with fragmented 

surveys and decentralized data collection, thereby supporting more efficient 

public data management processes. 

In its regulatory function, the public sector requires digital support for admin-

istrative procedures such as building permitting, compliance verification, and 

certification processes. A LC-BIS must therefore be capable of integrating 

with digital administrative workflows and enabling the standardized exchange 

of relevant information between private actors and public authorities. Struc-

tured data formats and interoperable interfaces are essential to support such 

processes and to enhance transparency and traceability. 

5.3.4 Sustainability assessments and reporting 

Sustainability assessments and reporting tasks require LC-BISs to address 

challenges such as fragmented data quality and insufficient standardization. A 

key requirement is ensuring both the provision of building-related data for as-

sessments, including master, inventory, economic, and performance data, as 

well as the infrastructure to store and share assessment results. For compre-

hensive sustainability assessments with a specified structure, contextual infor-

mation and results can be stored within a dedicated sustainability assessment 

log, while specific data points can also be integrated more granularly depend-

ing on the requirements of a given data model. 

Ensuring that sustainability assessment results remain accessible for other life 

cycle tasks, such as facility management, property valuation, and risk man-

agement, is essential. Automation of sustainability-related tasks, such as en-

ergy consumption tracking, waste reduction monitoring, and LCAs, represents 
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a potential future development for LC-BISs, leveraging their role as founda-

tional platforms for managing and integrating relevant data. 

Industry experts also view real-time reporting as a potential future capability 

of LC-BISs, relying on their ability to provide high-quality data for sustaina-

bility management. By offering a structured and reliable basis for integrating 

sustainability metrics into life cycle decision-making, LC-BISs can support 

the evolving needs of real estate companies and their long-term environmental 

objectives.  

5.4 Content requirements 

Building-related data lie at the heart of a LC-BIS, forming the foundation for 

fulfilling its functions and addressing actor- and task-specific requirements. 

Analyzing the needs for building-related data across the various tasks and 

stages of the building life cycle is essential for defining the requirements on 

data content. 

This section begins by explaining the relevance of different data types, includ-

ing the significance of data categories, quality characteristics, documents, 

linked data, and metadata. Following this, an overview of the required data 

points is presented based on an intuitive classification. While detailed lists of 

data points are provided in the appendix, the main focus here is on discussing 

why certain types of data are necessary and how they contribute to the overall 

data content framework. 

5.4.1 Relevance of data types 

5.4.1.1 Raw data categories 

As defined in section 3.1.2, raw building-related data refer to unaltered data 

that are created or collected in relation to a specific building. These categories 

help shape the definition of building-related data and serve as a foundation for 

life cycle-oriented information management. To effectively support actors and 

ensure applicability across various use cases, a LC-BIS must encompass all 

categories of raw building-related data. This inclusivity prevents data from 
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being structured solely around individual actor requirements, thereby enhanc-

ing interoperability and reusability. 

For better clarity and usability, it is beneficial to consolidate these categories 

into four essential and logically distinct groups, as applied in the taxonomy of 

data needs throughout the life cycle (section 3.3.7.2). Table 5.2 outlines the 

rationale for integrating these categories within a LC-BIS, emphasizing their 

importance for comprehensive information management. 

Table 5.2: Relevance of raw data categories in a life cycle building information system 

Data cate-

gory 

Relevance in LC-BISs 

Master data Crucial for tasks across the building life cycle, providing 

fundamental identifiers to ensure clear object definition 

and consistent referencing across systems. 

Inventory 

data 

Represent the physical structure and technical characteris-

tics of a building. Essential for most life cycle decisions, 

particularly in construction, modernization, and mainte-

nance. 

Economic 

and legal data 

Essential for strategic and financial decisions. Legal data 

define key constraints and compliance requirements across 

multiple tasks. 

Performance 

data 

Typically dynamic, enabling the tracking of building per-

formance over time and supporting data-driven decision-

making. 

 

5.4.1.2 Processed data 

Building-related decisions throughout the life cycle require not only raw data 

but also processed information that supports interpretation and action. A LC-

BIS must therefore accommodate processed data derived from raw building-

related data or external sources. 

Processed data primarily include indicators and evaluation results that con-

dense complex information into usable metrics, such as environmental, finan-

cial, or performance-related indicators. These enable actors to assess technical 



5  Development of a requirement profile for a life cycle building information system 

162 

quality, sustainability performance, or economic conditions in a structured and 

comparable manner. The reliability of such indicators depends on the availa-

bility and quality of underlying raw data, which form the basis for meaningful 

analysis. 

Beyond indicators, processed data may also include outputs generated through 

analytical functions, such as structured recommendations or action proposals. 

These can support strategic and operational tasks, for example in asset man-

agement, building operation, or renovation planning. The scope and complex-

ity of such processed data depend on the functional maturity of the LC-BIS 

and the availability of high-quality input data. 

5.4.1.3 Documents and files 

Documents and files remain a central component of building-related infor-

mation management. A LC-BIS must therefore support both structured data 

and document-based information formats. 

While structured data enable efficient processing, analysis, and interoperabil-

ity, many actors continue to rely on documents such as reports, contracts, cer-

tificates, or manuals. The LC-BIS must accommodate these formats and en-

sure consistency between granular data entries and associated documents. This 

includes enabling the generation of documents from structured data as well as 

the extraction or referencing of relevant information contained in documents. 

Documents arise throughout the building life cycle and serve as important car-

riers of contractual, technical, and regulatory information. The LC-BIS must 

therefore support the storage, organization, and controlled access to such doc-

uments in alignment with its broader data management structure. 

Table 5.3 provides an overview of relevant document types across different 

life cycle stages. 
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Table 5.3: Types and examples of documents and files relevant for a life cycle building in-

formation system 

Type of document / 

file 

Examples 

Planning record Needs assessments, feasibility studies, and design 

reports 

Construction record Service catalogs, manuals, project management 

documents, handover and acceptance protocols 

Transaction record Documentation of building surveys and due dili-

gence, sales contracts, EPCs 

Contracts Lease contracts, financing contracts, insurances 

Building permit Planning documents, compliance verification, 

safety certifications, land register extracts 

Building product 

documentation 

Data sheets, warranties, maintenance instructions, 

waste processing incstructions, EPDs 

 

By integrating structured data and document-based information within a co-

herent framework, a LC-BIS ensures that diverse user needs can be addressed 

without compromising data consistency or usability. 

5.4.1.4 Linked data to external information resources 

A LC-BIS is expected to function as a semi-open information system, charac-

terized by fluid boundaries that connect it to other systems and external data 

sources. Linking data effectively is a key paradigm to ensure data consistency, 

enhance the overall value of a LC-BIS, and simplify data-sharing processes 

by reducing the workload associated with traditional data exchange. Instead 

of comprehensively storing all building-related data, LC-BISs can leverage 

linkages to make external information resources available in a digital and 

structured format. 

Beyond improving data access and interoperability, linked data are essential 

for assessments and evaluations, particularly when external parameters serve 

as boundary conditions for determining indicators. Examples include climate 

zones, building product data, or benchmarks relevant for sustainability assess-

ments. 
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Linking external information is particularly beneficial for large datasets that 

are impractical to replicate or maintain within the LC-BIS and for data owned 

by third parties. These external resources provide significant value to actors, 

especially when accessed through seamless integrations that enhance deci-

sion-making processes. Table 5.4 illustrates the types of data categories, their 

specifications, and the benefits of linking external information resources to 

LC-BISs. 

Table 5.4: Overview of different types of linked data in a life cycle building information 

system 

Data cat-

egory 

Sub-category Content / function 

Master 

data 

Company regis-

ters 

Basic information about potential service 

providers and contractors 

 Corporate regis-

ters 

Basic information about potential service 

providers and constrictors based on internal 

registers 

Location 

data 

Cadastral data Information about the layout of properties 

 Climate data Information about the former, current and 

future climate at the specific location 

 Data from GISs Spatial data as a basis for location and mar-

ket analyses for example 

Inventory 

data 

Building product 

and material da-

tabases 

Information about important characteristics 

of building products and materials 

 Building design 

standards and 

guides 

Assistance in design activities and possible 

benchmarks 

Legal 

data 

General legisla-

tion 

Insights into existing law at the specific lo-

cation  

 Building laws 

and construction 

codes 

Information about the specific requirements 

on the design, construction and use of build-

ings including sustainability requirements 
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Eco-

nomic 

data 

Standards and 

industry guide-

lines 

Assistance in different tasks related to the 

specific building 

 Benchmark data Possibility to compare the profitability of 

owning, using or renting a building 

 Market data Information as a basis for financial analyses  

 Commercial reg-

istry 

Basic information about potential competi-

tors related to the building 

Perfor-

mance 

data 

Cluster data sets Possibility to analyze the performance of 

building stocks 

 Benchmark data Possibility to compare the sustainable per-

formance  

 

By linking to these external information sources, LC-BISs enhance their role 

as interoperability tools, ensuring consistency and access to datasets without 

the inefficiencies of full-scale duplication. In an advanced system, linking can 

be enabled via linked data and semantic web technology 

5.4.1.5 Metadata 

Metadata are a fundamental requirement for LC-BISs, ensuring that building-

related data are structured, accessible, and interoperable. To support effective 

information management, a LC-BIS must implement comprehensive metadata 

strategies that facilitate data discovery, interpretation, and governance. 

A key requirement is the systematic definition of relationships between data 

points, allowing data to be contextualized, linked, and efficiently retrieved. To 

achieve this, a LC-BIS must: 

• Ensure searchability and consistency, enabling users to locate and access 

relevant datasets efficiently. 

• Support interoperability, allowing seamless integration with external in-

formation systems and facilitating dynamic updates as data evolve. 

• Provide governance mechanisms, ensuring metadata track changes, ver-

sion histories, and access rights to maintain data integrity and accounta-

bility. 
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To meet these requirements, a LC-BIS must incorporate structured metadata 

frameworks, covering essential elements such as: 

• Descriptive metadata – Titles, classifications, and contextual tags that 

improve data retrieval and usability. In the context of building-related 

data, descriptive metadata must also clarify the object of reference, i.e., 

whether a data point pertains to a property, building, unit, room, or build-

ing element. This classification is essential for correct interpretation and 

linkage of data across spatial hierarchies. 

• Administrative metadata – Version tracking, access rights, and 

timestamps to ensure governance and compliance. 

• Technical metadata – Data formats, compatibility requirements, and 

structural specifications supporting integration across platforms. 

Certain metadata elements apply across all data points, such as time of validity 

or source of the data, while others are specific to particular data types. In the 

case of inventory data, especially for building elements, metadata should in-

clude the status of the data, indicating whether it reflects an as-required, as-

designed, as-built, or as-used state. Such distinctions are essential for ensuring 

correct interpretation and appropriate application of the data across life cycle 

stages. 

To support implementation, an overview of relevant metadata types and their 

roles in LC-BISs is provided in section D.1. The list includes examples of 

descriptive, administrative, technical, and provenance-related metadata, 

among others. These metadata types are not exhaustive but illustrate the range 

of attributes necessary to ensure that building-related data can be properly 

classified, interpreted, and used in line with life cycle requirements. 

5.4.2 Overview on required data points 

5.4.2.1 Basis: Taxonomy of building-related data needs 

In section 3.3, the data needs associated with essential building-related tasks 

in the real estate industry were categorized into a taxonomy of building-related 

data needs. This taxonomy consists of four overarching data categories: master 

data, inventory data, economic and legal data, and performance data. These 
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categories provide a logical framework for grouping relevant data points and 

defining the content requirements of a LC-BIS. They reflect the diverse needs 

of actors and tasks throughout the building life cycle while maintaining the 

flexibility to adapt to future developments. The premises of this taxonomy 

were explained in section 3.3.7, while a comprehensive list can be found in 

section B.5. This classification serves as a foundation for both system design 

and practical implementations. 

5.4.2.2 Minimum data point requirements 

While the taxonomy presents a comprehensive overview of potential data 

points, including all of them in a LC-BIS right away is impractical due to re-

source limitations and varying actor needs. Consultations with industry ex-

perts (section B.1) revealed that, despite differing perspectives, some data 

points can be regarded as essential core data that every LC-BIS should include 

from the outset. Establishing minimum requirements provides a manageable 

foundation for setting up LC-BISs while limiting the effort required for data 

collection and consolidation. However, the specific effort depends not only on 

the data points themselves but also on factors such as system functionality, 

actor-specific needs, and various legal, technical, and organizational boundary 

conditions. 

Several aspects were considered in specifying these minimum requirements, 

with the overarching criterion being their relevance across building-related 

tasks. Supporting factors include: 

• Frequency of use and updates: How often a data point is needed for de-

cision-making or operations. 

• Impact on decision-making: Whether the absence of a data point would 

hinder critical processes. 

• Compliance and regulatory requirements: Legal obligations that necessi-

tate the inclusion of specific data points. 

• Cost-efficiency: The balance between the effort required to collect and 

maintain data and the value provided to system users. 

Minimum requirements cannot necessarily be defined at the highest level of 

the taxonomy but require a closer examination of individual data points or 
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subcategories. Table D.2 indicates which subcategories or specific data points 

are considered minimum requirements, marking either complete categories or 

specific data points. The reasoning behind their inclusion is briefly explained, 

clarifying their relevance for core LC-BIS functions. For example, while only 

some master data categories are considered essential, specific elements like 

building identification and usage type are critical. Similarly, legal data related 

to property rights and building permits are fundamental due to regulatory re-

quirements, while basic inventory data, such as building geometry and dimen-

sions, are indispensable for operational decision-making across various life 

cycle stages. 

5.4.2.3 Extended data point requirements 

While minimum requirements define the essential data points necessary for 

LC-BIS functionality, extended data requirements go beyond these essentials. 

They are closely connected to specific actor perspectives and tasks throughout 

the building life cycle and cannot be universally specified. Instead, their rele-

vance depends on the specific context, use case, and organizational priorities. 

However, maintaining extended data points can provide significant value for 

advanced decision-making, detailed analyses, and specialized applications. 

Several factors influence the inclusion of extended data requirements, includ-

ing building use and type, organizational strategy, regulatory changes, tech-

nological advancements, and specific actor responsibilities. 

Certain data categories, though not part of the minimum requirements, can 

offer significant benefits when maintained in a LC-BIS: 

• Master data such as planning and construction records, along with 

maintenance and real estate management logs, help preserve a seamless 

history of the building. 

• Inventory data can be specified to various levels of detail, but particularly 

valuable information includes aspects of building geometry, components, 

services, and functional properties for supporting life cycle tasks. 

• Economic data on costs, revenues, and property value are critical for re-

turn-oriented real estate management. 
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• Performance data are important for both operational efficiency and sus-

tainability. This includes energy and resource flow data, which can form 

the basis for analyses and assessments, particularly for companies subject 

to non-financial reporting obligations. 

The inclusion of extended data requirements should be based on specific actor 

needs, life cycle tasks, and organizational priorities, as they often require ad-

ditional effort but can offer substantial long-term value. 

5.5 Data quality requirements 

To meet the needs of information management, LC-BISs must ensure that a 

range of data-related requirements are fulfilled. These can be subsumed under 

the broader concept of data quality requirements, which aim to safeguard the 

overall effectiveness, efficiency, and compliance of the information system. 

As a result, these requirements can only be fully met in digital implementa-

tions of a LC-BIS. While specific data quality requirements may vary depend-

ing on the occasion and the actor involved, a general distinction can be made 

between minimum and extended requirements, each holding different levels 

of relevance for LC-BISs. 

A few earlier examples of approaches to determining data quality require-

ments for information management and BISs can be found in the literature, 

including Jylhä and Suvanto (2015, p. 305), Bodenbender and Kurzrock 

(2015), and KPMG (2021, p. 23). However, these approaches are not directly 

applicable to the context of LC-BISs due to differing focal points, contextual 

conditions, and certain limitations. 

5.5.1 Minimum data quality requirements 

One of the primary functions of a LC-BIS is to ensure access to reliable and 

actionable building-related data for all actors involved in the life cycle. This 

requires fulfilling several strict data quality requirements that are essential for 

the system’s usability and trustworthiness. 

Key aspects include ensuring that data are available and accessible while 

maintaining appropriate security measures. The system must provide user-



5  Development of a requirement profile for a life cycle building information system 

170 

specific permissions and efficient retrieval mechanisms, enabling seamless ac-

cess for authorized individuals while protecting sensitive information. Addi-

tionally, data accuracy and currency are vital, as outdated or incorrect data can 

lead to operational inefficiencies or misinformed decisions. Regular updates 

and validation mechanisms help maintain relevance and reliability. 

Consistency across the LC-BIS is also essential, ensuring that changes made 

in one part of the system are reflected throughout all related datasets. This 

avoids discrepancies and maintains coherence across various functions and 

life cycle stages. Interoperability plays a significant role in facilitating data 

exchange between systems by adhering to standardized formats and structures, 

preventing issues related to system lock-ins or incompatibility.  

Finally, data security must address concerns around authenticity, confidenti-

ality, and traceability while establishing clear rules around data ownership. 

These measures help build trust among actors and ensure that sensitive infor-

mation remains protected. 

Table 5.5 clusters these data quality requirements into key dimensions, provid-

ing a clearer overview of their associated terms and explaining how they con-

tribute to ensuring the LC-BIS functions effectively across all life cycle stages. 
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Table 5.5: Clusters, dimensions, and explanations on strict data quality requirements for life 

cycle building information systems 

Data 

quality 

cluster 

Associated 

terms and re-

quirements 

Explanation 

Accuracy Correctness, 

validity, cur-

rentness, origi-

nality 

Data should be correct, validated, and reflect 

the original source where applicable. In addi-

tion, data must be kept current to ensure rele-

vance over time. 

Availabi-

lity 

Accessibility, 

findability 

As a data repository, a LC-BIS must ensure 

that building-related data are both accessible 

to authorized users and findable through ap-

propriate indexing and search mechanisms. 

Consis-

tency 

Updateability Data must remain consistent throughout the 

system, avoiding contradictions or duplica-

tion. Suitable mechanisms must be in place 

to ensure timely and accurate updates when-

ever changes occur. 

Interope-

rability 

Compatibility, 

portability, re-

usability, 

unique identifi-

cation 

Standardized data formats and structures 

should be applied to ensure compatibility 

with other systems, enable data reuse, and 

support seamless integration. Unambiguous 

and persistent identifiers are essential for re-

liably linking data across systems and life cy-

cle stages. 

Security Trust, authen-

ticity, confi-

dentiality, 

traceability, 

protection 

Data security must be ensured alongside sys-

tem security. This includes fulfilling key ob-

jectives such as maintaining confidentiality, 

verifying authenticity, enabling traceability 

of actions, and protecting data from unau-

thorized access or manipulation. 
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5.5.2 Extended data quality requirements 

While minimum requirements ensure that a LC-BIS can function effectively 

and reliably, extended data quality requirements are necessary to enhance the 

system’s capacity to support complex tasks and meet specific actor needs. 

These requirements go beyond core operations and, when fulfilled, can im-

prove how actors interact with and benefit from the system. 

A key extended requirement is completeness, which reflects the inclusion of 

additional data points beyond the minimum requirements (section 5.4.2.2). 

Achieving a fully comprehensive dataset is neither practical nor necessary for 

all use cases, but the system should be capable of accommodating more de-

tailed data when needed. Factors such as building use type, ownership struc-

ture, and organizational priorities influence the level of completeness required. 

A flexible LC-BIS structure allows for the integration of extended data points. 

Non-redundancy focuses on minimizing unnecessary duplication of data, im-

proving system efficiency and clarity. Some redundancies may be acceptable, 

particularly when data are stored in multiple formats for compatibility, but 

consistency must be maintained across all records to ensure data reliability. 

Readability and interpretability are important to ensure that data are accessible 

and understandable for actors with varying levels of expertise. These aspects 

help ensure that data can be effectively used for decision-making and support 

diverse tasks across the building life cycle without compromising the clarity 

or relevance of the information. 

Lastly, usefulness ensures that only relevant data are maintained within the 

LC-BIS. As actor needs evolve, the system should be able to adapt by includ-

ing data that become necessary for new tasks or emerging regulations, ensur-

ing that information remains applicable and valuable over time. 

Table 5.6 outlines these extended requirements, explaining how each contrib-

utes to improving the LC-BIS’s ability to support diverse tasks and actors 

across the building life cycle. 
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Table 5.6: Clusters, dimensions, and explanations on soft data quality requirements for life 

cycle building information systems 

Data 

quality 

cluster 

Associated 

terms and re-

quirements 

Explanation 

Comple-

teness 

Extensibility LC-BISs should fulfill minimum content re-

quirements for building-related data while re-

maining extensible to include additional data 

when needed. 

Non-Re-

dun-

dancy 

Minimality Redundancies should be avoided where possi-

ble. However, if data are stored in multiple 

formats within a LC-BIS (e.g., for compati-

bility or usability reasons), redundancy can be 

tolerated as long as internal consistency is en-

sured. 

Readabi-

lity 

Comprehensi-

bility, under-

standability, in-

terpretability, 

clarity 

Data should be structured and presented in a 

way that enables users to clearly interpret 

their meaning. Comprehensibility may vary 

depending on the complexity of the data and 

the expertise of the user. 

Useful-

ness 

Relevance, 

efficiency 

Only data relevant to the defined scope and 

system boundaries of the LC-BIS should be 

retained. Future relevance cannot always be 

predicted, but data storage should remain fo-

cused and efficient. 

 

5.5.3 Quality requirements for specific data points 

The level of data quality requirements in a LC-BIS is not uniform across all 

data points. Instead, these requirements depend on specific factors that influ-

ence how strict or flexible the conditions for data accuracy, availability, secu-

rity, consistency, and interoperability should be. These factors ensure that each 

data point is managed in line with its relevance, usage, and sensitivity within 

the system. 



5  Development of a requirement profile for a life cycle building information system 

174 

The following factors play a central role in determining the specific level of 

data quality requirements for different data points: 

• Level of sensitivity/confidentiality: Sensitive data, such as ownership in-

formation or financial records, require higher levels of security, including 

stricter access controls and encryption. Data ownership and the degree of 

control also influence the required security measures, ensuring that ac-

cess rights reflect both legal obligations and operational responsibilities. 

In contrast, less sensitive information, such as basic building geometry, 

requires lower levels of protection. 

• Time of validity: Data points vary in their relevance over time. Dynamic 

data, such as energy consumption or emissions, require frequent updates 

and strict consistency measures to ensure that the information remains 

accurate and actionable. In contrast, static data, such as construction year 

or original design records, have longer validity periods but still require 

verification following significant changes like renovations. 

• Legal obligations for data retention: Regulatory requirements dictate how 

long certain data must be retained and how easily they should be acces-

sible. Legal documents, compliance records, and permits must adhere to 

specific retention periods and often require traceability mechanisms that 

record any changes, ensuring regulatory compliance and auditability. 

• Degree of structurization: The structure of a data point influences re-

quirements for readability and interoperability. Highly structured data, 

such as information stored in standardized formats (e.g., IFC for BIM 

data), require adherence to strict formatting rules to ensure compatibility 

with other systems. In contrast, less structured data, such as scanned doc-

uments or images, may require additional processing to ensure their ac-

cessibility and usability within the LC-BIS. 

Each of these factors affects the level of strictness required for the data quality 

categories outlined earlier. For example, highly sensitive data points demand 

higher security standards, while data with a short validity period require 

stronger controls on consistency and regular updates. Section D.3 indicates 

how these factors apply to particular data points within the taxonomy of build-

ing-related data needs. 
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5.6 System-related requirements 

Actors impose system-related requirements on LC-BISs to ensure that the sys-

tem functions effectively, efficiently, and securely while meeting their practi-

cal needs. These requirements can be understood as socio-technical require-

ments, as they reflect both technical and organizational demands. They are 

closely interlinked with functional, data quality, and content-related aspects, 

forming a holistic framework for system development and use. Unlike pre-

scriptive technological specifications, system-related requirements allow for 

technology-neutral implementation, while remaining aligned with the broader 

objectives of a LC-BIS. 

The requirements discussed in this section are partly based on fundamental 

quality attributes commonly referenced in the literature on ISAs (Sunyaev, 

2020, p. 65). Their implementation supports a lean information management 

approach, aimed at improving efficiency and minimizing waste (Hicks, 2007, 

p. 234). Comparable approaches to defining system-related requirements can 

be found in Pfnür (2011, p. 422), Nebauer (2012, p. 54), and Alreshidi et al. 

(2016, pp. 7–8). 

Effectiveness and efficiency are essential for widespread adoption. Actors ex-

pect a LC-BIS to deliver its core functions seamlessly, supporting decision-

making and information management tasks. Efficiency should not only opti-

mize system operation but also result in measurable benefits over time, such 

as cost reductions, time savings, or streamlined workflows. 

Security is fundamental to building trust among users. Beyond protecting data, 

the system must also safeguard hardware, software, and all associated re-

sources. Data ownership is a related and equally critical aspect, requiring clear 

definitions of who owns, accesses, and utilizes the information within the LC-

BIS. It reflects the intersection of data-related and system-related requirements 

and must be addressed explicitly in system design. 

Additional system-related requirements include availability, operability, 

scalability, maintainability, and interoperability. Availability ensures that the 

system remains accessible and reliable, including in multitenant environ-

ments. Operability relates to ease of use and intuitive interaction, enabling 
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diverse users with varying levels of expertise to work with the system effec-

tively. Modularity and scalability allow the system to adapt to specific use 

cases and expand its scope as needed, supporting a broad range of applications. 

Maintainability ensures that the system remains functional, secure, and up to 

date over time, accommodating evolving technological and organizational de-

mands. 

Finally, system interoperability ensures that the LC-BIS can interact with 

other platforms, such as BIM systems, through a robust technical infrastruc-

ture that enables seamless communication. While closely related to data in-

teroperability, which focuses on the compatibility and standardization of data 

content, system interoperability emphasizes the underlying technical architec-

ture, such as APIs and interfaces, that enables efficient integration and collab-

oration across systems. 

Table 5.7: Overview and explanation of system-related requirement on a life cycle building 

information system 

Requirement Explanation: A LC-BIS should… 

Availability, 

reliability 

Have a high level of availability and cope well with mul-

titenancy to ensure a consistent database. 

Controllability, 

modifiability, 

configurability 

Enable users the possibility to navigate through the sys-

tem according to their access rights and modify the use of 

the system according to personal usability preferences. 

Effectiveness Ensure that main functions to support information man-

agement goals are provided.  

Efficiency Enable an efficient use of the system which should lead 

to efficiency increases in information management in 

general. The benefits of using a LC-BIS must outweigh 

the costs over time. 

Interoperability Enable an efficient collaboration with other information 

systems. 

Maintainability Be maintainable so that eventual quality issues and nec-

essary improvements can be handled. 

Modularity, 

granularity 

Follow a modular approach to provide a structured view 

on data and system functions and to take in a certain 

level of abstraction. This goes along with the requirement 
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to consider different objects of considerations and differ-

ent system boundaries. 

Operability, 

Ease of use 

Be easy to use and operate for the target users. 

Scalability, ex-

pandability 

Be scalable so that a specific LC-BIS can be enriched 

with additional functions and data. Additionally, the con-

cept itself and built-on business models should be scala-

ble so that a wide adoption can be achieved. 

Security, trust-

worthiness 

Ensure the security of the system, involved data and ac-

tors while using the system. This involves a strategy and 

measures to protect hardware, software, and information 

resources. 

Supportability Support its users in tasks they can perform and also sup-

port them actively through automation. 

 

By meeting these system-related requirements, LC-BISs can provide a robust 

foundation for managing building-related information, offering reliability and 

flexibility to support diverse actors and tasks throughout the building life cy-

cle. 

5.7 Summary requirement profile 

Several insightful aspects were outlined in this section to stress critical aspects 

that must be considered for a LC-BIS. 

• The definition of a BIS has been refined to specifically refer to a system 

that holistically supports information management throughout the life cy-

cle of individual buildings, termed a “life cycle building information sys-

tem” (LC-BIS). 

• The core function of a LC-BIS is to serve as a data repository, storing 

building-related data consistently and making it accessible to actors for 

tasks across the building life cycle. This approach benefits the integration 

of data that would otherwise remain fragmented across various infor-

mation systems. It also fosters a standardized data collection, data shar-

ing, data quality control, and decision making. These functions are 
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predominant through specific life cycle stages and tasks. Data availability 

and quality offer significant potentials to enable data analytics functions 

that are specifically beneficial to industry experts. 

• The data content of a LC-BIS should lean on the data needs for building-

related tasks as indicated by the taxonomy developed in section 3.3. 

There is no universal approach to indicate which data are relevant but it 

is beneficial to orientate on minimum data requirements first. These are 

crucial to facilitate core functions of a LC-BIS. 

• To meet user needs effectively, LC-BISs must fulfill several data quality 

and system-related requirements. These include ensuring data availabil-

ity, consistency, security, and interoperability at both the data and system 

levels. It becomes evident that meeting these requirements depends on a 

certain degree of standardization in both content and functionality of LC-

BISs. 

To evaluate the capability of existing BISs to meet these requirements, a fact 

sheet was developed. It summarizes the most important aspects of the require-

ment profile, complemented by general contextual information. The aim was 

to design a fact sheet that is sufficiently detailed yet practical, providing an 

accessible overview for assessing BIS suitability (Figure 5.5). 

 

Figure 5.5: Explanation of categories applied in fact sheets for building information systems 
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Chapter 6 provides further details on how fact sheets are used to analyze var-

ious BISs. 
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6 Analysis of existing building 
information systems 

This chapter deals with existing approaches for BISs and related information 

management solutions. The current state of knowledge on BISs is analyzed in 

detail by conducting a hybrid research approach combining a systematic and 

targeted literature review. The review will include academic concepts and so-

lutions from the industry. First, the methodology for the literature review will 

be explained and the results will be quantitively analyzed using appropriate 

metrics (section 6.1). Second, several sections will deal with relevant BISs 

based on the findings of the literature review (sections 6.2 to 6.5). The specific 

BISs will be analyzed in depth and for each type a profile will be given in the 

end that checks to which extent the respective system fulfills the requirements 

on BISs from chapter 5. In the end, the findings are compared and discussed 

(section 6.6). The aim is to answer research question 2 by evaluating whether 

existing BISs meet the requirement profile for LC-BISs, and if so, to what ex-

tent they do. 

 

Figure 6.1: Structure of chapter 6 
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6.1 Assessment framework and methodology 

6.1.1 Identifying relevant systems: challenges and 
research approach  

The identification of relevant BISs with potential for life cycle applications 

required addressing several challenges inherent to the field. The diversity and 

abundance of existing systems, coupled with fragmented terminologies and 

differing focal points, made a targeted and comprehensive evaluation essen-

tial. These challenges are compounded by the specificity of building-related 

information management, which has resulted in a proliferation of siloed solu-

tions. Furthermore, many tools and systems are underrepresented in academic 

literature, necessitating an approach that goes beyond traditional scholarly 

sources to achieve a holistic understanding. 

To tackle these challenges, a hybrid research approach was employed. This 

approach combines a systematic literature review with a targeted, non-system-

atic search and expert knowledge. The systematic review provided a structured 

framework for identifying systems discussed in academic publications, while 

the targeted search expanded the scope to include grey literature such as tech-

nical reports, government documents, white papers, and theses. Expert in-

sights gathered through interviews (section B.1), along with the author’s prior 

experience, added a critical layer of depth to the evaluation process. 

By integrating these methods, the analysis ensured a comprehensive founda-

tion for assessing the potential of BISs to serve as LC-BISs. This hybrid ap-

proach also facilitated the identification of terms and search strings tailored to 

the field, ensuring the systematic review was both focused and robust. 

6.1.2 Systematic literature review 

The systematic literature review followed the PRISMA (Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses) statement (Page et al., 

2021). as a methodological framework. Additional guidance for specifying the 

review process was derived from Wohlin (2014), Snyder (2019), and Gernler 
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(2023). This structured approach ensured transparency and reproducibility in 

identifying and evaluating relevant academic contributions. 

The first step involved specifying relevant terms and developing a search 

string designed to cover a wide range of potentially relevant literature (Figure 

6.2). The aim was to ensure inclusivity while avoiding an overwhelming vol-

ume of results with limited relevance. For instance, while academic publica-

tions on passport schemes are relatively rare, the literature on virtual building 

models such as BIM and digital twins is vast. Consequently, the search string 

was carefully refined to include not only general terms like "BIM" and "digital 

twins" but also keywords tied to life cycle tasks essential for LC-BISs, such 

as "building life cycle management." This refinement ensured a focused scope 

addressing the objectives of the study. 

 

Figure 6.2: Search string applied for the systematic literature review 

The databases Scopus and Web of Science were selected for their extensive 

coverage of real estate-related topics and advanced functionalities for pro-

cessing results. The initial search was conducted on May 13, 2023, and subse-

quently updated on January 25, 2025, to incorporate the latest publications. 

The initial search yielded over a thousand results (Figure 6.3). Papers were 

excluded based on language and accessibility, with additional exclusions for 

irrelevant subject areas. Following this, duplicate entries were removed, and 

titles, abstracts, and keywords were screened to refine the dataset further. Full-

text screening eliminated additional papers, leading to a final dataset of 341 

relevant publications. Forward and backward snowballing techniques were ap-

plied as a final step to identify relevant references and citations, enriching the 

dataset further. 

Search string

“building passport” or “digital building logbook” or “building logbook” or “renovation passport” 

or “ material passport” or “resource passport” or “housing file” or (“digital twin” and 

(“construction management” or “facility management” or “asset management” or “AEC”)) or 

(“BIM software” and (“construction management” or “facility management” or “asset 

management” or “AEC”)) or “common data environment” or “building lifecycle management” or 

“building data management” or “collaborative BIM” or “real estate information system” or “real 

estate management system” or “CAFM system”
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Figure 6.3: Steps of the systematic literature review  based on Page et al. (2021) 
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Figure 6.4: Number of publications identified in the review per year 
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Figure 6.5: Main topics of the papers identified in the literature review 

6.1.3 Targeted literature review and expert 
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for evaluating the relevance and applicability of different systems in the con-

text of life cycle-oriented BISs. By integrating these diverse sources, the tar-

geted review added breadth and depth to the findings of the systematic review. 

The targeted literature review and expert interviews resulted in the inclusion 

of an additional set of sources, quantified at n = 177. These sources contrib-

uted unique perspectives, such as insights into implementation challenges, 

policy influences, and technical specifications not covered in the academic lit-

erature. 

6.1.4 Approach to analysis 

The analysis of findings from the literature review was structured to evaluate 

the potential of identified systems to serve as LC-BISs. To achieve this, the 

systems were organized into clusters based on shared characteristics such as 

terminology, primary functions, and the specific tasks they address. This clus-

tering approach facilitated a systematic and focused evaluation of their rele-

vance and functionality in the context of the requirement profile outlined in 

Chapter 5. 

The identified systems were grouped into four main categories: 

• Building Passports, logbooks, and files: These systems were examined 

for their historical development, current applications, and alignment with 

life cycle requirements. The analysis considered their origins, the motives 

of the involved actors, and their broader implications in information man-

agement. 

• Other passport concepts: This group reflects the growing popularity of 

passport systems across various domains, including material passports 

and renovation passports. These tools were analyzed to assess their 

scope, functions, and relevance to life cycle information management. 

The diverse approaches were reviewed to highlight trends and shared 

characteristics. 

• Virtual building models (BIM and digital twins): Representing the largest 

category in the literature, these systems were analyzed for their ability to 

enhance life cycle information management. Their functions and 
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applications were assessed, focusing on their suitability for LC-BISs and 

their potential for supporting advanced digitalization in the built environ-

ment. 

• Task-specific tools: This group includes systems with specialized appli-

cations, such as facility management tools, Enterprise Resource Planning 

(ERP) systems, Building Automation and Management Systems 

(BAMSs), and cadastral systems. These tools were evaluated for their 

complementary roles in supporting life cycle-oriented functions. 

Each group was systematically assessed against the requirement profile out-

lined in chapter 5. This evaluation focused on their ability to support essential 

life cycle tasks, including the collection, storage, sharing, and analysis of 

building-related data. By comparing the systems’ capabilities and functional-

ity with the requirements, the analysis highlighted both their potentials to serve 

as LC-BISs and the insufficiencies or gaps that might hinder their suitability. 

For systems demonstrating significant potential to function as LC-BISs, fact 

sheets were provided to summarize their characteristics, strengths, and limita-

tions in a concise and actionable format. 

This structured approach provided a clear framework for comparing the di-

verse systems and tools, ensuring a comprehensive understanding of their rel-

evance and limitations. By identifying both their strengths and their insuffi-

ciencies, the analysis offers valuable insights into areas where further 

development is needed to realize the concept of LC-BISs. 

6.2 Building passports, logbooks, files 

This section provides a detailed analysis of building passports, logbooks, and 

files based on insights from the literature review. The primary objective is to 

evaluate how well these tools meet the LC-BIS requirements outlined in chap-

ter 5, with a particular focus on their various functions (section 6.2.3). Given 

the relatively ambiguous context of these tools compared to others, the review 

also incorporates a historical perspective (section 6.2.1) and discusses current 

approaches and trends (section 6.2.2). 
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6.2.1 Historical background 

6.2.1.1 Early proposals 

The idea of building passports (BPs) already exists for several decades with 

the first mentioning of the term in the literature originating from Eichstädt 

(1982, p. 180). However, even though a BP was introduced as an aid in 

maintenance planning in this paper, no further specification has been given on 

the concept. Further evidence on the early interest in the topic is provided by 

Blum (2009, p. 158) who cites Klaus Töpfer, former German Federal Minister 

for Construction, in a statement about the relevance of BPs: According to 

Töpfer (1997, p. 603, as cited by Blum (2009, p. 158)), a BP should communi-

cate comprehensive building-related information and increase transparency of 

technical properties. He suggested a voluntary use by practitioners.  

A first more thorough explanation of what a BP actually is and how it works 

can be found in a government report on sustainable development in Germany. 

In this report, a BP is described as a tool that ensures the quality of building 

functionality, increases transparency in life cycle costs and valuation, and en-

ables the investigation on harmful substances (German Parliament, 1998, 

pp. 180–181). Further suggestions were made on how the adoption and use of 

building passports could function as a business model for architects and on the 

potential benefits for a harmonization of environmental, economic, and social 

objectives (German Parliament, 1998, p. 181).  

In Germany, BPs were conceptualized based on the existing ideas by a pro-

posal of the government which was represented by a hardcopy document that 

building owners could fill in with information on their building (Ministry of 

Transport, Building and Housing, 2001). This included, among other things, 

general information about the ownership, the regulatory context and the plot, 

as well as information about the structure of the building including associated 

functional characteristics (section E.1.1). The focus was predominantly on 

newly constructed buildings and their functional properties. The proposal for 

a BP became an integral part of the housing file (“Hausakte”), which exceeded 

the content of the BP scheme by integrating other documents and information 

from the construction stage, and by introducing a documentation for the use 

stage (section E.1.2). Within the housing file, the voluntary use of the BP is 
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proposed and it is pointed out that the housing file should not replace existing 

legally binding certificates (Bundesministerium für Verkehr, Bau- und Woh-

nungswesen [BMVBW], 2004).  

In expert interviews it was found that creating and maintaining housing files 

in the form of analog document collections was a regular activity in real estate 

companies in the 1990s and eventually even earlier already. These housing 

files did not follow any specific standard but were organized based on the 

preferences of individual employees in housing companies. The storage of rel-

evant documents concerning a building at one specific place, however, was 

associated with clarity and effectiveness. 

In other countries, comparable concepts emerged during the early 2000s. In 

the UK, building logbooks were introduced as part of the national building 

regulations in 2002. This initiative aimed to enhance the understanding of 

building owners and occupants regarding the structural and operational char-

acteristics of their properties, particularly concerning energy efficiency 

(United Kingdom Government, 2002). Another objective was to provide more 

comprehensive information to actors involved in real estate transactions. Con-

sequently, the “Home Information Pack” (HIP) was established as a manda-

tory instrument in 2007. Comprising documents such as a Property Infor-

mation Questionnaire, an EPC, and Land Registry records, the HIP sought to 

equip prospective buyers of residential properties with critical information 

provided by sellers. However, the HIP was discontinued in 2010 following 

criticism over the additional costs it imposed on property sales (House of 

Commons Library, 2010). Another development in the UK included the de-

velopment of a template for building logbooks by Chartered Institution of 

Building Services Engineers (CIBSE) in a similar fashion than the housing file 

in Germany (Jones, 2006). 

The concept of BPs first became a research subject in the work of Lützkendorf 

(2000, p. 52), who regards a BP as an object documentation that can be inter-

preted as a manual for building use. Planers, surveyors, or engineers should 

establish a BP after construction and hand it to the building owner so that the 

information is available in modernizations or transactions, for example. He 

proposes a modular approach to structure the content with the possibility to 

integrate documents such as EPCs (Lützkendorf, 2000, p. 52). 
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A slightly different take on building passports was made by Andreas Blum, 

who lays down a foundation in several research papers (Blum, 2001a, 2001b, 

2002, 2009). While he describes BPs initially either as a certificate with the 

most important performance characteristics or a collection of building-related 

documents, a new meaning was derived in a trial for the German federal state 

Schleswig-Holstein. Additional to the basic interpretation as documentation, 

BPs were supposed to function as a quality label (Blum, 2002). This function, 

however, was never fully realized due to the dedicated development of green 

building certification systems. 

6.2.1.2 Recent developments 

Judging by the number of sources identified, the further adoption of BPs and 

similar tools stayed low throughout the 2000s and early 2010s (Figure 6.6). 

While other instruments and tools, such as EPCs and green building assess-

ment system were established with increasing popularity, BPs were mentioned 

only in a few studies including Rohde et al. (2011), Virta et al. (2012), and 

Reisinger et al. (2014). 

The number of publications began to rise significantly from 2016 onward, co-

inciding with efforts by the EC to enhance both the energy efficiency and in-

formation availability of the European building stock. Based on results from 

research projects, it was realized that this requires a tool to comprehensively 

manage building-related information. Thus, the EC introduced a new term: 

“Digital Building Logbook” (DBL). The idea is more or less the same as it has 

been for BPs or housing files for years, but the focus was shifted to a digital 

format. From then onwards, the functionality of DBLs was explored simulta-

neously to the role of tools with a more dedicated focus on energy renovations, 

such as renovation passports (section 6.3.2). 

Another important parallel driver for DBPs/DBLs and for passport concepts 

in general originated in the pursuit of fostering circularity in the construction 

and real estate industry. The objective here was and is to enhance the availa-

bility of information regarding the materiality of buildings throughout the en-

tire life cycle. Preliminary research in this area can be found in Reisinger et 

al. (2014), who investigate the options for developing a building material in-

formation system either by integrating a material data sheet within a more 
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thorough BP/housing file (section E.1.3) or by adopting a solution in BIM. In 

retrospect, the Austrian report could be regarded as a significant contribution 

to the academic discourse. However, it may also have contributed to the am-

biguity surrounding the original function of BPs in comparison to more spe-

cific systems, such as material passports (section 6.3.1).  

A significant milestone in research on BPs and DBLs was achieved through 

technical reports published by the EC (Carbonari et al., 2020; Dourlens-

Quaranta et al., 2020; Volt et al., 2020). Together with the practical guidelines 

on BPs provided by the Global Alliance for Buildings and Construction 

(GABC) (Hartenberger et al., 2021), these publications played a pivotal role 

in accelerating research efforts. By establishing a shared understanding of the 

concepts, they laid a strong foundation for advancing further investigations in 

the field. 

Since then, publication density increased significantly with more and more 

researchers dealing with the topic. Alonso et al. (2023), for example, carried 

out a systematic literature review to summarize the current state of knowledge 

with a focus on DBLs. Especially the possibilities of implementing DBLs as 

a useful tool not only for practitioners, but also for the public sector including 

the perspective of the EC have been investigated. The EC continues with its 

efforts in the field leading to publications from own research projects and the 

funding of complementing research projects (section 6.2.2.1).  

6.2.1.3 Milestones of building passport development 

The various phases and most significant contributions in the development of 

BPs can be summarized in a timeline (Figure 6.6). 
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Figure 6.6: Milestones of building passport / logbook development (Buchholz & Lützken-

dorf, 2023, p. 909) 
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6.2.2 Approaches and trends 

6.2.2.1 European commission initiatives 

As stated in the historical background, the EC played a substantial role in 

pushing the concept of BPs and DBLs forward. It funded several research pro-

jects in the period between 2017 and 2020, aiming to explore mechanisms 

such as renovation passports and advancements in EPCs to promote energy 

renovation across the EU. These projects highlighted the need for a compre-

hensive tool that consolidates all essential information required for making 

energy performance-related decisions, which was then called “digital building 

logbook”. Section E.1.4 provides an overview on these projects and how they 

treated DBLs in their considerations.  

Parallel to these projects, the EC carried out own research efforts, which re-

sulted in their pivotal publications (section 6.2.1). Among other things, the EC 

investigated industry applications that facilitate the management of building-

related data. In addition, industry representatives were interviewed through 

expert workshops and online surveys to determine basic requirements and key 

characteristics of a DBL. These insights were used for the definition attempt 

by the EC:  

“A digital building logbook is a common repository for all 

relevant building data. It facilitates transparency, trust, in-

formed decision making and information sharing within the 

construction sector, among building owners and occupants, 

financial institutions and public authorities[…]” (Volt et al., 

2020, p. 12) 

This marks only the first of three paragraphs from the definition, while the 

others go into more detail which data and functions a DBL should contain. 

While the study could indicate the need for such a tool in the industry, it also 

revealed several challenges and research gaps for the topic. Several issues 

were dealt with in succeeding studies by the EC:  

• EC (2022): Within this report, it was analyzed how databases in different 

EU countries, including Estonia, France, and Italy, that contain data 
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about single buildings meet selected data-related requirements posed on 

a DBL 

• EC (2023): The report “Technical guidelines for digital building log-

books” builds on the findings from earlier DBL studies and makes pro-

posals about the functions and practical implementation of DBLs with a 

focus on the technical perspective. It primarily addresses EU member 

states and how those can introduce DBLs under a common European 

framework. 

• Böhms et al. (2023) lay down an approach for a data model for DBLs as 

addition to the technical guidelines (section 6.2.3). 

In a new set of research projects funded by the EU, DBLs often take in a cen-

tral role (Table 6.1). Most of these projects are not finished yet, but already 

produced some results to date. It can be observed that these projects, compared 

to earlier projects under the EU, take the relevance of DBLs as given and try 

to investigate their role in different contexts. This includes the testing of prac-

tical implementations of new DBL functions (Koronen et al., 2024, p. 4), the 

integration of important technologies, such as APIs (openDBL, 2024a) or 

blockchains (Buildchain, 2024), the development of tools for a job-sharing 

approach with DBLs in order to pursue sustainability goals (Chronicle, 2022) 

or digitization efforts (Digibuild, 2022), and the connection to a harmonized 

sustainability assessment process in the EU (Gyuris et al., 2023). 

Table 6.1: Overview on current European research initiatives dealing with digital building 

passports and logbooks 

Project 

name 

Dates Original goal and fo-

cus  

Reference to 

DBLs and DBPs 

Source 

Demo-

BLog 

2023-

2026 

Exploration of prac-

tical applications of 

DBLs based on pilot 

projects and with a 

focus on specific 

functions 

DBLs as inher-

ent part of the 

project 

Koronen 

et al. 

(2024) 
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OpenDBL 2024-

2026 

Development of a 

DBL solution as API 

and application in 

pilots 

DBLs as inher-

ent part of the 

project 

openDBL 

(2024a) 

EUB Super-

hub 

2021-

2024 

Development of a 

platform including a 

methodology to 

monitor buildings 

throughout their life 

cycle to harmonize 

energy assessments 

in the EU 

Creation of a 

DBL as part of 

the project 

Gyuris et 

al. (2023) 

Buildchain 2023-

2025 

Creation of a BIM-

based decentralized 

knowledge platform 

with the help of 

blockchain technol-

ogy 

Interpretation of 

the developed 

solution as DBL 

Build-

chain 

(2024) 

DigiBUILD 2022-

2025 

Development of 

cloud-based digital 

tools for data analyt-

ics to foster smart 

buildings and over-

coming of data silos 

DBLs/DBPs as 

important infor-

mation source 

and implementa-

tion in pilots 

Digibuild 

(2022) 

CHRONI-

CLE 

2022-

2025 

Development of 

tools to improve 

building perfor-

mance against sus-

tainability targets 

with a focus on en-

ergy efficiency, 

comfort, and well-

being 

DBLs as one 

output of the 

project 

Chronicle 

(2022) 

 

While already being formally integrated within the EPBD as a tool to store 

building-related data, ensure access to renovation passports, and provide 
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information for national building stock databases (European Parliament and 

Council of the European Union, 2024), it is very likely that the EC will con-

tinue to focus on DBLs.  

6.2.2.2 Industry and policy approaches 

DBLs and DBPs have not only been a subject of European initiatives but also 

of actors from the real estate industry and national governmental organiza-

tions. The EC analyzed a collection of different initiatives as part of its re-

search on DBLs. The findings included aspects such as a classification accord-

ing to the maturity level of concepts, an evaluation of the incorporated data 

categories and functions, an assessment of the level of digitalization, as well 

as the adoption level for different types of buildings. In total, 40 initiatives 

were examined including several projects of the Horizon 2020 funding pro-

gram. The main results can be summarized as follows: 

• Most initiatives were in an operating stage at the timing of analysis and 

the majority of those (14 of 21) were public initiatives, with ten of the 14 

being mandatory. 

• The majority of initiatives is applicable to individual residential buildings 

(90 %), while less apply to other types of buildings like multi-apartment 

buildings, office buildings, or public buildings (range from 48 to 67 %) 

• There are different levels of digitalization among the examined concepts. 

While some still work based on hardcopy documents others are fully dig-

itized with all information accessible online. 

• None of the initiatives covers all data categories that have been identified 

as relevant within the study of the EC. There is much variety concerning 

the scope of respective concepts. Data categories that were covered most 

were “building descriptions and characteristics” as well as “equipment, 

with descriptions and designs” (86 % each). Categories that were hardly 

covered included “dynamic data” (5 %) or “3D/BIM models of the build-

ing” (19 %). 

• The same aspect accounts for the identified functions: Most of the con-

cepts provide “building and administrative information” (86 %) as well 

as “construction information” (71 %) according to the covered data cate-

gories, but only a few generate “automatic input from 3D/BIM models” 

or provide “alerts and updates on the performance/condition” (5 % each). 
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• 70 % of the initiatives follow a data-centric approach with specific data 

fields, while 10 % rely on general data categories and 20 % following a 

document-oriented approach (Carbonari et al., 2020, pp. 7–11). 

It can be assumed that the developments in this area are very dynamic which 

means that new initiatives are established frequently while existing initiatives 

stop or their concepts evolve. This aspect especially accounts for private initi-

atives from the industry. Therefore, the overview in sections E.1.5 (policy in-

itiatives) and E.1.6 (industry initiatives) might only be up-to-date for the mo-

ment.  

It can be observed that initiatives from private institutions and those from gov-

ernments are usually driven by different motivations. Private initiatives, such 

as CAPSA (2024) based in Germany, Property Log Book (2023) based in the 

UK, or Produktkollen (2023) based in Sweden, are typically based on business 

models, in which the actor that developed a DBP solution wants to be com-

pensated for the products and services offered. Governments on the other 

hand, who try to advance the topic further, follow goals in their role as legis-

lator which includes: 

• Improve the availability of data regarding the national building stock, 

• Increase transparency in real estate transactions, 

• Foster building renovations by supporting building owners in decision-

making, 

• Combine tasks of land management and management of the building 

stock, 

• Stimulate circularity in the construction and real estate industry. 

Examples for DBP/DBL initiatives from governments include the Electronic 

Building Passport in Australia (Miller & Lützkendorf, 2016), the Home Re-

port in Scotland (Scotish government, 2020), or the Electronic Building ID in 

Greece (Ministry of the Environment and Energy, 2021). More and more, pri-

vate initiatives, such as the Platform CB’23 in the Netherlands (Platform 

CB’23, 2022), take in a specific role in advancing passport concept, either in 

conjunction with governmental motives or by intrinsic motivation. Often-

times, it is not fully clear, whether an initiative is driven by private or public 
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institutions. In some cases, an initiative can be triggered by public institutions 

and then be implemented as a business model through private organizations. 

6.2.2.3 Current research approaches 

Along with the efforts within the European context, DBPs and DBLs gained 

significantly more attention from researchers and academic institutions. This 

includes several publications in which the author was included. In some cases, 

research papers are closely connected to the research initiatives funded by the 

EU. The focus of current approaches includes: 

• Analysis of the historical background of BPs, e.g. in Buchholz and 

Lützkendorf (2022, pp. 2–3), Buchholz and Lützkendorf (2023, pp. 907–

909), Malinovec Puček et al. (2023b, p. 2), Leindecker et al. (2025, 

pp. 511–513) 

• Discussion of terms, e.g. in Gonçalves et al. (2024, pp. 230–231), 

Tuscher et al. (2024, p. 1087) 

• Specification of functions and processes, e.g. in Gómez-Gil, López-

Mesa, and Espinosa-Fernández (2022), Mêda Magalhães et al. (2022), 

Gómez-Gil et al. (2024, p. 1), Mêda et al. (2024, pp. 11–13) 

• Specification of data models and contents, e.g. in Dejaco et al. (2020, 

p. 257), Malinovec Puček et al. (2023b, p. 13) 

• Analysis of relevant technologies and stressing the relevance of digitiza-

tion, e.g. in Gómez-Gil, Espinosa-Fernández, and López-Mesa (2022), 

Al-Sadoon et al. (2023, p. 681) 

• Connections and job-sharing possibilities between DBPs and other tools, 

e.g. in Buchholz and Lützkendorf (2022), Gómez-Gil et al. (2023), Ma-

linovec Puček et al. (2023b, p. 11) 

The findings of the listed research papers will be used to analyze the suitability 

of DBPs/DBLs as a LC-BIS (section 6.2.3). 

6.2.3 Scope and functions 

6.2.3.1 Main functions 

A majority of publications refer to DBPs/DBLs as long-term data repositories 

that store all building-related data assumed to be relevant for information 
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management in building-related processes and tasks (Hartenberger et al., 

2021, p. 14; Toth et al., 2021). Some publications use synonyms for “data re-

pository” such as “information container” (Hartenberger et al., 2021, p. 15), 

“archive” (Signorini et al., 2021, p. 2), or “object documentation” (Blum, 

2001a, p. 12; Lützkendorf, 2000, p. 52).  

DBPs/DBLs are interpreted as data sharing platforms too. They are designed 

to provide building-related data when needed to the involved actors (Dourlens-

Quaranta et al., 2020, p. 32; Gómez-Gil, Espinosa-Fernández, & López-Mesa, 

2022, p. 5; Hartenberger et al., 2021, p. 14). In some cases, DBPs/DBLs have 

been perceived as rating systems and quality labels. For instance, Blum 

(2001a, p. 12) proposes to comprehend BPs as a combination of object docu-

mentation and quality label. This was before green building certification sys-

tems were developed and established themselves as an instrument to assess 

and communicate the sustainable quality of buildings.  

Throughout the years, further evidence exists on the interpretation of DBPs as 

an assessment tool (dos Santos Gonçalves et al., 2022; dos Santos Gonçalves 

et al., 2021; Virta et al., 2012). The majority of recent studies, however, re-

gards DBPs/DBLs assessment functions as additional functions based on the 

availability of data. Dourlens-Quaranta et al. (2020, p. 30), for example, iden-

tify the estimation of environmental impacts and the possibility for bench-

marking as relevant features based on an expert survey. Malinovec Puček et 

al. (2023a, p. 9) go one step further and define ratings in several domains such 

as EPC, smartness, or overall sustainability as essential functions. 

Other functions specified for DBPs/DBLs in the literature include the follow-

ing: 

• DBPs/DBLs are expected to share functions of quality management sys-

tems, e.g. by automatically sending alerts or notifications regarding re-

source consumption habits or maintenance needs (Dourlens-Quaranta et 

al., 2020, p. 30). Additional quality-related functions include the tracking 

of progress of decarbonizing buildings and building stocks with the help 

of indicators (Gómez-Gil et al., 2024, p. 3) and the facilitating of a digital 

building permit process (Mêda et al., 2024, p. 11). 
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• DBPs/DBLs are not interpreted as virtual building models. However, 

Dourlens-Quaranta et al. (2020, p. 30) identify the automatic input from 

virtual building models, i.e. BIM model and digital twins, to DBLs as the 

most demanded function in an expert survey. This raises questions about 

the differences, similarities, and job-sharing possibilities between virtual 

building models and DBPs/DBLs. 

• DBPs/DBLs are not primarily intended to generate data for active deci-

sion support of actors. However, if building-related data are available in 

a sufficient quality, they can employ functions to create new data or re-

organize it in the form of indicators, documents, or action plans, for ex-

ample. They can also integrate functions from other tools, such as reno-

vation roadmaps or maintenance plans (BMVBW, 2004; Dourlens-

Quaranta et al., 2020, p. 17; Gómez-Gil et al., 2023, p. 3). 

Recent studies increasingly explore an extended range of functions for 

DBPs/DBLs, particularly focusing on how available building-related data can 

be leveraged through advanced data analytics. While this trend highlights ad-

ditional benefits, it also shifts the emphasis away from the system’s broad ap-

plicability across all phases of the building life cycle (section 6.2.3.3). 

6.2.3.2 Data scope 

Early proposals which data should be covered by a BP already show signifi-

cant similarities with more recent findings. Examples can be found in the re-

port of the German Parliament (1998, pp. 180–181) and in the official pro-

posals for a building passport (section E.1.1) and a housing file (section E.1.2). 

Within more recent studies, examples can be found for all categories of raw 

building-related data that should be covered in DBPs/DBLs. Several publica-

tions suggest the inclusion of general data, such as information about the in-

volved actors, the ownership, the building type or the unambiguous identifi-

cation of a building and its components (Malinovec Puček et al., 2023a, p. 15; 

Rohde et al., 2011, p. 73). Furthermore, DBPs/DBLs should include infor-

mation about the physical structure and its characteristics in the form of geo-

metric data (Malinovec Puček et al., 2023a, p. 9), a material inventory (Dour-

lens-Quaranta et al., 2020, p. 31; Hartenberger et al., 2021, p. 25), or 

functional characteristics such as the buildings’ accessibility (Malinovec 
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Puček et al., 2023a, p. 9). In addition, legal data, for example in the form of 

insurance or taxation information (Dourlens-Quaranta et al., 2020, p. 31), pro-

cess data such as maintenance records (Malinovec Puček et al., 2023a, p. 9), 

and performance data are supposed to be included in a DBP/DBL. 

The data content of BPs and DBLs exceeds single data and reaches to aggre-

gated indicators, important documents, and even complete tools. Indicators 

build upon the availability of single data and mostly include some form of 

assessment. The literature describes several performance characteristics and 

partly names the indicators that can be used for that: 

• Energy performance and efficiency: Energy efficiency classes (Mali-

novec Puček et al., 2023a, p. 9) 

• Environmental performance: LCA results, GWP (Gómez-Gil, Espinosa-

Fernández, & López-Mesa, 2022, p. 2; Malinovec Puček et al., 2023a, 

p. 9) 

• Overall sustainability: EU level(s) indicators (Gómez-Gil, Espinosa-Fer-

nández, & López-Mesa, 2022, p. 3) 

• Renovation potential (Dourlens-Quaranta et al., 2020, p. 31) 

• Smart readiness and digitalization status: Smart readiness indicators 

(Dourlens-Quaranta et al., 2020, p. 31; Gómez-Gil, Espinosa-Fernández, 

& López-Mesa, 2022, p. 10) 

• Financial performance (Hartenberger et al., 2021, p. 24) 

• Social performance (Hartenberger et al., 2021, p. 24) 

Relevant documents that are frequently mentioned in the literature are EPCs, 

additional ratings, and certificates, building permits, design documents, insur-

ance documents, contracts or maintenance records (Dourlens-Quaranta et al., 

2020, p. 31; Gómez-Gil et al., 2023, p. 3; Malinovec Puček et al., 2023a, 

pp. 2–18). Other tools to be included in BPs and DBLs according to the liter-

ature are digital product passports (Gómez-Gil, Espinosa-Fernández, & 

López-Mesa, 2022, p. 7), predictive maintenance plans (Gómez-Gil, Espi-

nosa-Fernández, & López-Mesa, 2022, p. 10), material passports (Malinovec 

Puček et al., 2023a, p. 9), digital twins, and renovations roadmaps (Buchholz 

& Lützkendorf, 2022, p. 7). 
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There are first proposals how to integrate the scope of data in a data model. 

One of them originates from the most recent research by the EC, and the data 

categories proposed are shown in section E.1.7. These data categories form 

the basis for a LD-based semantic data model. 

While being not at the forefront of investigations, the literature also deals with 

requirements on the quality of data. DBPs/DBLs  should ensure the accuracy, 

availability, and consistency of data (Buchholz & Lützkendorf, 2022, p. 4; 

Gómez-Gil, López-Mesa, & Espinosa-Fernández, 2022, p. 67). Above that, 

several publications stress the importance of data interoperability through ap-

propriate interchangeable formats (Gómez-Gil et al., 2023, p. 3) and the need 

for data security and protection (Buchholz & Lützkendorf, 2022, p. 4). Ensur-

ing data security goes along with the pursuit of trustworthiness and the com-

pliance with data privacy regulations (Dourlens-Quaranta et al., 2020, p. 34). 

In addition, the possibility to trace back data should be given (Mêda 

Magalhães et al., 2022, p. 5). The EC (2023, p. 38) promotes the application 

of the FAIR principles to ensure data quality with a special emphasis on in-

teroperability. Platform CB’23 (2022, p. 43) explores alternative data owner-

ship models within data storage paradigms for DBPs/DBLs, an issue where no 

clear consensus exists. It advocates a hybrid model that combines centralized 

oversight for data quality and public access with decentralized management 

of sensitive information. 

6.2.3.3 Addressees, life cycle coverage, and use cases 

DBPs/DBLs, based on their broad functionality for information management, 

address a wide variety of actors within the real estate industry including build-

ing owners, building users, real estate managers, all kinds of service providers, 

and public authorities, as described, for example in Volt et al. (2020, p. 14). 

However, there is hardly evidence on how the diverging requirements of dif-

ferent users and their levels of expertise should be addressed in DBPs/DBLs. 

While this might be slightly less relevant for stakeholders, it is even more for 

different types of building owners, such as owner-occupiers of residential 

buildings and professional housing companies. 

More evidence exists for building use types that should be covered. According 

to Malinovec Puček et al. (2023a, p. 8), DBPs/DBLs should be applicable to 
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the entire building stock including residential and non-residential buildings. 

Toth et al. (2021) suggest the development of a suitable typology for building 

use types that distinguishes between new and existing buildings. This is, at 

least partially, contradictory to applying the tool to the entire life cycle, as laid 

out later in this section. Based on the requirement to apply DBPs/DBLs to all 

building use types, they necessarily need to address different types of building 

owners. 

The literature considers single buildings as the main object of assessment, but 

this aspect is not always made clear. Sometimes also the surrounding area of 

a property is taken into account as well (Rohde et al., 2011, p. 72). Dejaco et 

al. (2017, p. 185) go one step further by distinguishing between a logbook on 

the building level and a logbook on the district level that can work together by 

sharing data between each other and by taking over functions for the respective 

level. Mêda Magalhães et al. (2022) mention the possibility to make observa-

tions on the city scale by aggregating data from the building level.  

There is strong evidence that DBPs/DBLs should cover the whole life cycle 

of a building. On the one hand, this is proposed in main definitions such as the 

one from Hartenberger et al. (2021, p. 14). On the other hand, several publi-

cations state the relevance of the concept in at least two out of four life cycle 

stages (Hartenberger et al., 2021, p. 14; Malinovec Puček et al., 2023a, p. 8; 

Mêda Magalhães et al., 2022, p. 3). The EC (2023, p. 11) connects occasions 

throughout the life cycle with typical data categories (Figure 6.7). 
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Figure 6.7: Life cycle coverage of digital building logbooks in connection with relevant data 

categories (EC, 2023, p. 11) 

Another approach to determining the life cycle scope of these tools is by ex-

amining the specific task areas they address. Although the literature does not 

offer a comprehensive overview, it does highlight numerous task areas rele-

vant to the real estate industry. This includes: 

• Facility and building management including maintenance planning and 

execution (Dejaco et al., 2017, p. 188; Dourlens-Quaranta et al., 2020, 

p. 30; Hartenberger et al., 2021, p. 15; Signorini et al., 2021, p. 4) 

• Valuation (Dourlens-Quaranta et al., 2020, p. 30; German Parliament, 

1998, p. 181; Hartenberger et al., 2021, p. 19) 

• Risk management (Dejaco et al., 2017, p. 185; Malinovec Puček et al., 

2023a, p. 2) 



6  Analysis of existing building information systems 

206 

• Tasks concerning the public sector, for example, lawmaking, funding 

program providing or verifying compliance with building regulations 

(Hartenberger et al., 2021, p. 19) 

Recent projects, such as openDBL (2024b) determine more use cases in the 

early life cycle stages including data collection, sharing, and analytics 

throughout development, design, and construction. This approach expands the 

perception of the functionality of DBPs/DBLs compared to earlier studies. 

6.2.3.4 Technical implementation 

The literature on DBPs/DBLs lists several ICTs that are already relevant today 

and some that might be relevant in the future. All of these technologies aim to 

fulfill a specific function in information management by, among other things, 

supporting actors in data collection, data storing, data analysis, or security 

management. A severe number of publications considers virtual building mod-

els under the use of BIM and digital twins as highly relevant. Mêda Magalhães 

et al. (2022, p. 6) basically suggest to merge DBLs and digital twins to ensure 

a continuous updating and assurance of building-related information. Gómez-

Gil, Espinosa-Fernández, and López-Mesa (2022, p. 11) suggest to combine 

several technologies in order to create leverage and synergy effects. In partic-

ular, they highlight the possibilities for data collection through LIDAR 3D 

scanning, the advantages of combining sensor technology, IoT, and AI for 

monitoring reasons, and the creation of digital twins based on BIM, sensor 

data and, IoT applications (Gómez-Gil, Espinosa-Fernández, & López-Mesa, 

2022, pp. 6–7). 

A thorough perspective on technical aspects can be found in the study “Tech-

nical guidelines for digital building logbooks” which was part of the second 

line of research on the topic by the EC. Among other things, the study empha-

sizes on the following aspects: 

• Cloud computing and scalable infrastructure with three-tier architecture 

(front-end, back-end, database) 

• Linked data technology and ontologies for semantic interoperability 

• Open data formats (e.g., JSON, JSON-LD) for data sharing 
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• Data security technologies including encryption, authentication, and au-

thorization mechanisms 

• Visualization and analytics tools for user-friendly data interaction 

• Platform scalability technologies (e.g., modular design, containerization) 

for adaptability to future needs (EC, 2023, pp. 52–72). 

Current European research initiatives further explore potentials of ICTs, in-

cluding blockchain technology (Buildchain, 2024), AI-based analytics 

(Digibuild, 2022), and various data formats (Katsifaraki et al., 2024, pp. 161–

166). 

6.2.3.5 Barriers for implementation 

DBPs/DBLs encounter several key challenges and barriers, which might have 

prevented a higher distribution and more success in the industry. So far, many 

proposals, at least those from the literature, are still in a conceptional stage and 

were not implemented in practice. Table 6.2 lists frequently mentioned barri-

ers in the literature. 

Table 6.2: Barriers for the implementation of digital building passports and logbooks based 

on Buchholz and Lützkendorf (2023, p. 909), EC (2023, pp. 28–30), and Dour-

lens-Quaranta et al. (2020, p. 8) 

Type of bar-

rier 

Relevant aspects 

Legal Potential data security and privacy safety issues, unclear re-

sponsibilities 

Economic High initial costs, administrative burden, low incentives for 

data sharing, lack of sound business models 

Technical Data storage management, integration with legacy systems 

Data quality Data availability, accuracy, and interoperability 

Actor-related Lack of trust, motivation, digital expertise, knowledge 

about functionality of the tool 

 

Several of these issues can be addressed through the functionality attributed 

to DBPs/DBLs in the literature, while others still require solutions. The 
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aspects mentioned will be revisited in the context of proposals for a LC-BIS 

later in this thesis. 

6.2.3.6 Summary and fact sheet 

The most important findings on DBPs/DBLs were summarized in the follow-

ing fact sheet (Table 6.3). It demonstrates that these tools hold significant po-

tential to function as LC-BISs. Although various drivers have increased atten-

tion toward DBPs/DBLs, their conceptual evolution has gradually aligned 

with the definition of LC-BISs, and despite some gaps in the literature, the 

core concept, from primary functions to data scope and life cycle coverage, 

fits well with the LC-BIS requirement profile. 

Table 6.3: Fact sheet on digital building passports and logbooks 

Term(s) (Digital) building passport, digital building logbook, electronic building pass-

port housing file 

Goals Comprehensively store and manage building-related data throughout the life cycle 

of a building, make it available to different actors when needed, and thus offer po-

tentials to drawing insights through analyzing and using data 

Background and 

drivers 

Concept and idea already exist for several decades, but have not found wide adop-

tion in the real estate industry; new approaches focus on integration of suitable 

technologies to make use of digitalization and automation; increasing demand in 

different domains of the real estate industry, based on information management is-

sues, such as lack of transparency, poor information quality, poor data sharing 

Main functions ☒ Data and 

document re-

pository 

☒ Data sharing 

platform 
☐ Digital copy ☐ Action plan 

and guide 

☒ Data creation 

and collec-

tion aid 

☒ Quality man-

agement sys-

tem 

☐ Assessment 

tool 
☐ Other: 

Life cycle stages ☒ Development ☒ Construction ☒ Use ☒ End-of-life 

Data categories  ☒ Master data ☒ Inventory 

data 
☒ Legal and 

economic 

data 

☒ Performance 

data 

Suitability as LC-

BIS 

Very high, since many typical issues in information management can be addressed 
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6.3 Topical passport schemes 

This section examines passport schemes that are more specialized than 

DBPs/DBLs, including material passports (section 6.3.1), renovation pass-

ports (section 6.3.2), and digital product passports (section 6.3.3). The level of 

detail in each subsection is guided by the density of evidence in the literature 

concerning aspects relevant to LC-BIS requirements. The analysis focuses on 

evaluating the functionality of these tools based on the specifications of the 

requirement profile. 

6.3.1 Material passports 

6.3.1.1 Objectives and functions 

Material passports are not universally defined, but it is clear that the concept 

focuses on the built-in materials of a building. This group of tools receive in-

creasing intentions by researchers and practitioners based on their intended 

application to improve circularity in the built environment. Different terms, 

such as material inventory (Schiller et al., 2022, p. 80), building material in-

formation system (Reisinger et al., 2014, p. 80), product passport (van Ca-

pelleveen et al., 2023, p. 1), circularity passport (M. Heinrich & Lang, 2019, 

p. 2), or material database (Oberti & Paoletti, 2020, p. 86) have been intro-

duced in the past, partly with the goal to overcome existing misconceptions. 

The literature more or less agrees on a couple of core objectives and functions 

of material passports including: 

• Keep better track of materials, elements, and components installed in 

buildings throughout their lifespan and thus reserve or increase their 

value (M. Heinrich & Lang, 2019, p. 5).  

• provide information about the characteristics of building materials, ele-

ments, and components. 

• Support decision-making regarding the choice, maintenance and disposal 

of building materials in the design, operation, and deconstruction of 

buildings (M. Heinrich & Lang, 2019, p. 5). 
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• Improve the recovery, reuse, and recycling potential of construction 

products through appropriate measures and assessments (Göswein et al., 

2022, p. 3). 

• Improve the health of occupants through early identification of potential 

pollutants (Reisinger et al., 2014, p. 98) 

• Promote waste minimization, resource efficiency, and circularity 

(Göswein et al., 2022, p. 3; Luscuere, 2017, p. 26). 

Two interpretations dominate the discussion concerning the main function of 

material passports: Some interpret it as a data object or document that contains 

information referring to one specific building component, element, or mate-

rial. In this sense, the terms product passport or resource passport are used 

similarly. Others rather see a material passport as a data repository for mate-

rial-related information regarding a building. Here, terms like material inven-

tory or material information system might be better suited. This difference in 

interpretation is partly addressed by the literature that shows opportunities to 

consider information on building materials on different hierarchy levels. 

Panza et al. (2022, p. 1491) made suggestions on how to share material pass-

ports in a platform environment and aggregate the respective information for 

a more holistic view. There is also research on how material-related infor-

mation can be illustrated on a cadastral level that enables analyzes for large 

building stocks (Schiller et al., 2022, p. 172).  

In addition to functioning as repositories for building material data, the litera-

ture also assigns these systems an evaluative role, specifically, in assessing the 

circularity potential of buildings and their components. For example, Honic et 

al. (2019b, pp. 5–7) propose incorporating a disposal indicator to evaluate the 

recycling potential of building elements. 

6.3.1.2 Data scope 

According to the literature, a material passport should contain general data, 

such as the address of the building, a passport ID (Göswein et al., 2022, p. 6), 

and material- and product-specific information, such as unique product iden-

tifiers, used data sources, or manufacturer information (Göswein et al., 2022, 

p. 6; M. Heinrich & Lang, 2019, p. 16). The core data of a material passport 

are building component and material properties. These data are supposed to 
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be collected throughout design and construction as well as updated and en-

hanced throughout the life cycle. This sets the basis to determine volumes, 

quantities, and qualities of built-in materials on a building level (M. Heinrich 

& Lang, 2019, p. 10; Reisinger et al., 2014, p. 80). In the European context, 

this information is increasingly represented by the “bill of materials” and “bill 

of quantities”, as laid out in the European sustainability assessment framework 

“Level(s)” (EC, 2021). Important contextual information concerns the geo-

metric location of building components and materials in a building (Munaro 

et al., 2019, p. 4). Additional metadata can include the timing of installation. 

Several publications mention the relevance of including LCA results regarding 

a building component or material, such as the Global Warming Potential 

(GWP), the Acidity Potential (AP) or the Primary Energy Intensity (PEI) (M. 

Heinrich & Lang, 2019, p. 9; Honic et al., 2019b, p. 5; Munaro et al., 2019, 

p. 4). These data, that can be derived from EPDs, for example, are essential 

for LCAs on a building level. Additional to environmental assessments, eco-

nomic, and social assessments can be considered too (M. Heinrich & Lang, 

2019, p. 9). 

6.3.1.3 Use cases 

Material- and product-based information are important for a variety of tasks 

throughout the life cycle of buildings. They have the potential to significantly 

contribute to sustainability assessments including LCAs, sustainability report-

ing, or risk assessments. One use case can lie in the detection and assessment 

of materials of concern and harmful substances. In the upstream value chain, 

material passports are assumed to support construction product manufacturers 

in developing resource-extensive products that are harmless to health and 

show a high recycling potential, among other things (M. Heinrich & Lang, 

2019, p. 5; Panza et al., 2022, p. 1491). Building designers, developers, and 

constructors could potentially use material passports in choosing suitable 

building components and materials while facility managers could be provided 

with insights and guidance for maintenance management (Göswein et al., 

2022, p. 3; M. Heinrich & Lang, 2019, p. 5). This can pave the way towards 

predictive maintenance approaches. An important use case concerns the end 

of the life cycle, where material-related information could help to plan the 
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deconstruction of buildings and the disposal or recycling process (M. Heinrich 

& Lang, 2019, p. 5). 

A frequently elaborated aspect in the literature includes the integration of ma-

terial passports with BIM (Honic et al., 2019a, pp. 222–227; Leindecker et al., 

2025, p. 526; Reisinger et al., 2014, p. 108). BIM can facilitate the localization 

of building materials and components in a virtual building model and also sig-

nificantly contribute to the digitization of workflows.  

6.3.1.4 Current approaches including building resource passports 

A current approach focused on building materials in the industry is presented 

by the German Sustainable Building Council (DGNB) (2023b) that reacts to 

the intention of the German government of introducing a building resource 

passport. The idea has been formally introduced as part of the coalition agree-

ment of the German government (Sozialdemokratische Partei Deutschlands 

[SPD] et al., 2022, p. 71). However, no specifications were made about the 

functionality of such a tool. The DGNB (2023b) tried to fill this space by de-

veloping its own version of a building resource passport. According to the 

proposal, a building resource passport is a document that contains aggregated 

information and characteristics about the materials used in a building as well 

as respective indicators concerning their dismantling and recycling potential 

(Propach et al., 2023, p. 354). For further details, please refer to the example 

in section E.2.1. The passport should be created during the construction stage 

and passed on to the building owner, so that the information is available during 

the use stage (DGNB, 2023b). 

In Germany, there is also ongoing work on a standard for building resource 

passports commissioned by the government itself. At the moment, it is in-

tended to define four categories a building resource passport should cover in-

cluding: 

• Building material and product inventory with detailed information on 

physical properties and manufacturer information 

• Estimation of primary raw materials used on a building level 

• Assessment of the circularity potential 
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• Information on potentially harmful substances (source: personal commu-

nication with a commissioned researcher) 

Ideally, a building resource passport would extend beyond merely tracking 

material flows to also encompass other resource flows, such as emissions, wa-

ter usage, and information. However, the prevailing interpretation still aligns 

it closely with the concept of a material passport. 

On a broader scale, the materiality of buildings in the context of circular econ-

omy is subject of international standardization. The working group 4 of the 

European standardization committee CEN/TC 350/SC 1, for example, is ex-

plicitly working on the standardization of circular related information in con-

struction works with requirements on digital passports as part of their work.  

6.3.1.5 Summary and fact sheet 

In comparison to DBPs/DBLs, material passports are more specific tools. On 

the one hand, they share similarities in life cycle coverage and serve as data 

repositories; on the other hand, their focus is narrowly confined to building 

materials, which limits their suitability as LC-BISs (Table 6.4). Nevertheless, 

material passports can still play an important role in building-related infor-

mation management, particularly when the distinctive aspects of their 

standalone functionality, centered specifically on building materials, are 

clearly defined and recognized. For further information on how different BISs 

interact, please refer to section 6.6. 
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Table 6.4: Fact sheet on material passports 

Term(s) Material passport, material inventory, resource passport, product passport, 

circularity passport, building material information system 

Goals Store and manage data about the built-in materials in a building throughout its life 

cycle; provide the basis for material-related evaluations 

Background and 

driver 

Lack of availability and overall quality of building material- and product related 

data 

Main functions ☒ Data and 

document re-

pository 

☐ Data sharing 

platform 
☐ Digital copy ☐ Action plan 

and guide 

☒ Data creation 

and collec-

tion aid 

☐ Quality man-

agement sys-

tem 

☒ Assessment 

tool 
☐ Other: 

Life cycle stages ☐ Development ☐ Construction ☐ Use ☒ End-of-life 

Data categories  ☒ Master data ☒ Inventory 

data 
☐ Legal and 

economic 

data 

☒ Performance 

data 

Suitability as LC-

BIS 

Good in terms of keeping track of material-related information; limited suitability 

as LC-BIS 

 

6.3.2 Renovation passports 

Actors of the real estate industry require instruments and tools to support their 

decisions on energy renovations. One instrument that has been established 

over the years by regulation are EPCs. However, they often show different 

maturity levels and implementation states across different countries and they 

lack to support decision-making (Fabbri et al., 2016, pp. 4–5). Therefore, the 

EC announced the proposal of another instrument in the revised version of the 

EPBD (EC, 2018, Art 19 a) called building renovation passports (BRPs) that 

should provide more proficient advise in the long-term. The objective is to 

foster more energy renovations in the building stock in order to improve the 

energy efficiency and thus to contribute to climate change mitigation targets 

(Fabbri et al., 2016, p. 4; Libórîo et al., 2018, p. 6). Several aspects that are 

responsible for the insufficient rate of energy renovations were identified as 

drivers for BRPs: The Green Finance Institute (2021a, p. 4) states that there is 

a lack of information regarding suitable energy efficiency measures as well as 

the available financing options. Espinoza-Zambrano et al. (2023) mention 
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information gaps and information asymmetries responsible for the inefficient 

decision-making process. 

The literature uses different terms with a similar meaning to describe the con-

cept, including “building renovation passport” (Fabbri et al., 2016, p. 1; Green 

Finance Institute, 2021a, p. 4), “individual (building) renovation roadmap” 

(Fabbri et al., 2016, p. 5; Libórîo et al., 2018, p. 6) or “scheduled renovation 

roadmap” (Espinoza-Zambrano et al., 2023). A renovation roadmap aims to 

provide guidance for building owners and stakeholders involved in energy 

renovations by setting out a step-by-step action plan for a specific building 

(Fabbri et al., 2016, p. 6). For this, several publications identify guiding prin-

ciples that should be taken into account in the development of BRPs. On the 

one hand, the timing and sequencing of actions should be defined for a long-

term perspective. On the other hand, the roadmap should incentivize and mo-

tivate building owners to invest in the energetic quality of their buildings. In 

addition, the instrument should incorporate some form of automation (Fabbri 

et al., 2016, p. 37; Sesana & Salvalai, 2018, p. 204; Sousa Monteiro et al., 

2018, p. 10). 

The analysis of the identified literature reveals several common characteristics 

between BRPs and DBPs/DBLs. The reason for this lies in the high infor-

mation demand in planning and conducting energy renovations. Thus, a BRP 

is often assumed to either include or cooperate closely with a building logbook 

that functions as a data repository and provides all the information necessary 

for building renovations (Fabbri, 2017, p. 1411; Libórîo et al., 2018, p. 7). In 

fact, the results of the EU-based research on BRP were one of the main initia-

tors to investigate DBPs/DBLs more closely (section 6.2.1). Due to this con-

nection, the building logbooks described as part of BRPs also show a similar 

scope and profile than DBPs/DBLs. Among other things, BRPs: 

• function as a data and document collection that is accessible for the rele-

vant actors in energy renovations. Above that, specific assessments can 

be made that lead to the recommendation of the renovation roadmap. 

• regard buildings as the main object of consideration. In addition, the pos-

sibility of conducting surveys on a building stock level are mentioned 

especially for tasks of the public sector. 
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• are beneficial for many task areas and the respective actors in the real 

estate industry. 

• cover a wide range of building-related data. The focus lies on data that 

are relevant in planning and executing energy renovations (Green Fi-

nance Institute, 2021b; Libórîo et al., 2018, p. 15). 

A difference can be identified in the predominant focus on the use stage and 

on existing buildings in BRPs.  

A practical implementation of renovation roadmaps can be found in Germany 

through the “Individueller Sanierungsfahrplan” (iSFP). It is an instrument of 

energy consulting, primarily designed to support private homeowners in iden-

tifying suitable energy efficiency measures for their buildings. The iSFP is 

based on an on-site assessment by qualified energy consultants and results in 

a structured, step-by-step renovation plan. It not only provides tailored recom-

mendations but is also officially recognized as proof for eligibility for certain 

public funding schemes (e.g., “Bundesförderung für effiziente Gebäude” 

[BEG] subsidies) (Bundesamt für Wirtschaft und Ausfuhrkontrolle [BAFA], 

2024; Gebäudeforum Klimaneutral, 2025). However, the iSFP remains a static 

document and, as such, does not fulfil the dynamic and data-integrated func-

tions associated with building renovation passports. 

Beyond individual consulting, there is a growing market for software solutions 

targeted at housing associations and real estate companies that aim to generate 

renovation roadmaps or decarbonization paths on a larger scale. These solu-

tions are often framed as climate strategies and reflect the increasing relevance 

of digital planning instruments for strategic portfolio management (section 

6.5.2.3 Tools for sustainability assessment and management). 

Table 6.5 contains a summary of findings on BRPs in a fact sheet to assess 

their suitability as LC-BIS. 
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Table 6.5: Fact sheet on renovation passports 

Term(s) Building renovation passport, renovation roadmap, decarbonization roadmap, 

climate roadmap 

Goals Collecting and managing building-related data that are necessary for making pro-

found renovation decisions in the long term 

Background and 

drivers 

Current understanding as the result of the efforts from the EC to develop tools that 

facilitate increased energy renovation activity in the EU; closely connected to EPCs 

and other tools for assessing the energetic quality of a building;  

Main functions ☒ Data and 

document re-

pository 

☐ Data sharing 

platform 
☐ Digital copy ☒ Action plan 

and guide 

☒ Data creation 

and collec-

tion aid 

☐ Quality man-

agement sys-

tem 

☐ Assessment 

tool 
☐ Other: 

Life cycle stages ☐ Development ☐ Construction ☐ Use ☒ End-of-life 

Data categories  ☒ Master data ☒ Inventory 

data 
☐ Legal and 

economic 

data 

☒ Performance 

data 

Suitability as LC-

BIS 

Limited suitability, when only used in the context of a roadmap; synergies and job-

sharing with LC-BISs possible 

 

While BRPs show limited suitability as a standalone LC-BIS due to their spe-

cific scope, they can be a valuable addition for managing renovation-specific 

data.  

6.3.3 Digital product passports 

A digital product passport (DPP) is a sector-agnostic instrument to provide 

product-related information throughout the whole product life cycle. The con-

cept found attention through the EC, which will make DPPs a mandatory in-

strument from 2026 onwards, starting with pivotal industries. The construction 

industry is one of them, while DPPs were also formally introduced in the latest 

Ecodesign for Sustainable Products Regulation (ESPR), 2024. Specifications 

of requirements are expected for 2025. 

Before it became a policy instrument, several studies dealt with DPPs. Ac-

cording to Adisorn et al. (2021, p. 2), a DPP should provide data on the origin, 

composition, repair, and dismantling options for a product. Thus, it aims to 

bridge information gaps throughout the life cycle of a product buy providing 
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data to stakeholders when needed. Götz et al. (2022, p. 8) state that DPPs 

should contain a minimum of information that could be determined as manda-

tory by regulations. In addition, data should be updateable, stored in an in-

teroperable format, and trustworthy. Several benefits are connected to DPPs: 

• Standardization and digitization of product information 

• Opportunity for new business models for product manufacturers based 

on better data availability and quality 

• Facilitation of compliance checking for products by market surveillance 

authorities 

• Improved customer-orientation by retailers 

• More transparency for users and thus more conscious purchasing deci-

sions 

• Improved waste management through deconstruction information, mate-

rial composition, etc. (Adisorn et al., 2021, pp. 9–11; Götz et al., 2022, 

p. 8) 

The literature addresses open questions for the design of DPPs, referring to 

the product groups to be included, the application level (level of detail for the 

object of consideration), and solutions for data storages, data carriers, and data 

accessibility (World Business Council for Sustainable Development 

[WBCSD] & Boston Consulting Group [BCG], 2023, pp. 5–7). While it is ev-

ident that DPPs might be applicable to specific construction products, it re-

mains open whether whole buildings can be considered in a DPP. At present, 

it seems unlikely that a complex product such as a building can be considered 

in a common framework for all products. 

Plociennik et al. (2022, p. 124) pick up the idea of DPPs and suggest a digital 

lifecycle passport that takes in similar functions as a DPP, but aims to be up-

dated more dynamically. By proposing the use of a cloud infrastructure, the 

authors stress the importance of accessing and updating data seamlessly by 

included actors (Plociennik et al., 2022, p. 124). 

DPPs are not suited as LC-BISs, since the object under consideration is dif-

ferent. For this reason, no fact sheet is provided. However, the flawless inte-

gration of information from DPPs into LC-BISs will be an important task in 

the future. 
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6.4 Virtual building models 

Within this section, the potential of tools based on virtual building models for 

functioning as LC-BIS is evaluated. Prior to discussing their strengths and 

limitations (section 6.4.2), a brief overview of their functionality and current 

trends is provided (section 6.4.1).  

6.4.1 Functionality and current trends 

Virtual building models, namely BIM models and digital twins, offer signifi-

cant potential to enhance information management throughout the building 

life cycle based on the findings of the literature review. BIM and digital twins 

are closely interrelated and increasingly converge in scope and functionality, 

which is why they are jointly considered under the umbrella of virtual building 

models when evaluating their suitability for LC-BISs.  

BIM constitutes a methodology that includes processes of creating, modeling, 

and visualizing of building-related information with the help of technological 

and managerial components. It has evolved from basic 2D/3D representations 

to multidimensional models that integrate time, cost, facility management, and 

sustainability aspects. However, the concept is sometimes misleadingly re-

garded as a multi-functional product  (Hemmerling & Bähre, 2020, p. 19). For 

this, BIM needs to be put into the context of specific applications that make 

use of BIM functions. Sacks et al. (2018, p. 58) distinguish between BIM 

tools, platforms, servers, and environments. Digital twins build on the foun-

dations of digitized building models to enable real-time monitoring, simula-

tion, and predictive analytics (Boje et al., 2020, p. 8; Hosamo et al., 2022, 

p. 13).  

There is a wide body of literature that examines the further development and 

trends in leveraging virtual building models for information management. 

Table 6.6 provides an overview of these trends. 
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Table 6.6: Overview on current trends in applying virtual building models to information 

management throughout the building life cycle  

Trend Short Description 

N-dimensional 

BIM and BIM 

Level Evolution 

Expands basic 3D models by adding dimensions (e.g., 

4D time, 5D cost, 6D facility management, 7D sustaina-

bility), thereby enriching the informational depth 

(Hemmerling & Bähre, 2020, pp. 59–60) 

Building Life-

cycle Manage-

ment (BLM) 

Extends BIM applications to support all building 

phases, from design through construction to deconstruc-

tion, ensuring continuous, up-to-date information (Di 

Biccari et al., 2018, p. 69) 

Collaborative 

BIM 

Integrates multi-stakeholder workflows within shared 

BIM environments, streamlining data exchange and co-

ordination (Beach et al., 2017, p. 1) 

BIM for facility 

management and 

As-built BIM 

Transitions design models into dynamic as-built models 

that support facility management through updated, op-

erational data (He et al., 2017, p. 680) 

BIM for de-

construction 

Applies BIM at the end-of-life stage to plan, simulate, 

and optimize deconstruction processes, facilitating re-

cycling and waste reduction (Akinade et al., 2017, 

p. 267) 

Common Data 

Environments 

(CDEs) 

Employs centralized or federated platforms for storing, 

managing, and sharing building data, ensuring con-

sistency and accessibility across the life cycle (DIN 

SPEC 91391-1:2019-04, p. 9) 

Digital Twins Extend BIM by integrating real-time sensor data and 

enabling dynamic interaction between physical and dig-

ital environments, supporting monitoring, simulation, 

and optimization across the building life cycle (Boje et 

al., 2020, p. 1) 

 

The selected trends highlight the role of virtual building models in supporting 

information management processes across the building life cycle but do not 

capture all current developments within this scope. In particular, a range of 

more technical trends aim to enhance the functionality and usability of such 
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models. These include, for example, the integration with IoT systems for real-

time data acquisition (Siccardi & Villa, 2023, p. 3), the use of linked data and 

semantic web technologies to improve data interoperability and structuring 

(Pauwels et al., 2017, p. 161), and the application of blockchain to support 

traceability and data ownership management (Tavakoli et al., 2024, p. 4). 

6.4.2 Evaluation of suitability for information 
management 

6.4.2.1 Strengths 

The rational for interpreting virtual building models as LC-BISs is indicated 

clearly within the literature, which interprets them as “life cycle platform” 

(Sacks et al., 2018, p. 19) or “data repository” (Gu & London, 2010, p. 988). 

These approaches intend to centralize and manage building-related data across 

all life cycle stages, aligning closely with the concept of BLM, which empha-

sizes the integration of digital models and semantic information to support 

long-term building operation and decision-making. 

A key strength of virtual building models lies in their ability to digitally visu-

alize building geometry, enabling a detailed and precise representation from 

design to demolition. This supports planning, understanding, and communica-

tion across life cycle actors (Borrmann, König, et al., 2018b, p. 7). In addition, 

these models have evolved beyond static representations and are increasingly 

capable of incorporating additional data dimensions (e.g., time, cost, sustain-

ability), which enhances their value for holistic information management 

(Hemmerling & Bähre, 2020, p. 60). 

BIM and digital twins also support advanced data analytics, enabling simula-

tions, scenario analyses, performance assessments, and predictive modeling. 

These functions facilitate informed, data-driven decision-making and allow 

stakeholders to optimize performance, anticipate maintenance needs, and im-

prove resource efficiency (Deng et al., 2021, p. 71). 

Another core advantage is their support for integrated digital workflows. As 

discussed in the context of collaborative BIM, virtual building models enable 

real-time coordination across disciplines by replacing fragmented, tool-
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specific processes (Beach et al., 2017, p. 3). The use of CDEs further strength-

ens this capacity by providing a structured, traceable environment for manag-

ing and exchanging project information throughout the building life cycle. 

This integration can reduce redundancies, minimizes information loss, and im-

proves consistency across stages and actors (Comiskey et al., 2017, p. 247). 

The use of standardized data formats, particularly IFC, reinforces the interop-

erability of virtual building models. These modular and extensible structures 

allow for integration with a variety of data sources and platforms, supporting 

consistent information practices across organizations. However, strict formal-

ization requirements can also pose challenges to flexibility and adaptability in 

dynamic project settings (Costin et al., 2022, pp. 23–24).  

The continued development of BIM and digital twin technologies reflects their 

long-term relevance for life cycle information management. Research is in-

creasingly directed at their application in areas such as sustainability, automa-

tion, and real-time monitoring, which broadens their role beyond initial plan-

ning and construction. This adaptability further supports their suitability as 

LC-BISs. 

A current example that illustrates this evolving potential is the iECO project 

within Gaia-X, a European initiative aimed at building sovereign digital infra-

structures. iECO seeks to create a cross-organizational data ecosystem for the 

construction industry, based on tamper-proof digital twins embedded in secure 

data spaces, enabling collaboration, smart services, and data control across the 

life cycle (iECO, 2022). 

6.4.2.2 Barriers and limitations 

While offering substantial benefits across the life cycle, several intrinsic bar-

riers limit the suitability of BIM and digital twins as LC-BISs. One critical 

limitation lies in their strong focus on specific life cycle stages, particularly 

design and construction, and on geometric data. The early development of 

BIM centered around 3D modeling and visual representation, which, while 

effective for design coordination, offers limited value for tasks in later stages 

such as facility management or deconstruction. In these phases, actors primar-

ily require alphanumeric information, such as performance indicators, energy 
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consumption data, or cost and maintenance records, which, while technically 

integrable into BIM environments, are not consistently supported in practice 

due to missing conventions, inadequate data modeling standards, or limited 

alignment with user needs (Kassem et al., 2015, p. 263; Rogage & Green-

wood, 2020, p. 471). 

Another major barrier is the complexity of the systems. BIM and digital twins 

often rely on specialized tools and data formats, requiring expertise that many 

life cycle actors, particularly facility managers, building owners, or small 

firms do not possess. As described in the context of collaborative BIM, effec-

tive implementation presumes structured coordination, clearly defined roles, 

and governance mechanisms, all of which increase the entry threshold (Beach 

et al., 2017, p. 11). 

Interoperability and data quality remain persistent issues (Schapke et al., 2018, 

p. 276). As seen with CDEs, achieving seamless information exchange across 

platforms and life cycle phases is difficult due to inconsistent standards, non-

integrated systems, and a lack of consistent semantic structure. Poor interop-

erability impedes the continuous use of data, and high data quality expecta-

tions often lead to additional burdens for those responsible for inputting or 

updating information. While approaches based on linked data or semantic web 

technologies offer promising solutions, their adoption is still limited in prac-

tice (Tchouanguem Djuedja et al., 2021, p. 14).  

Economic factors also play a significant role. The implementation of BIM and 

digital twin systems involves substantial upfront investments in software, 

training, and data modeling. As found for the use of BIM in facility manage-

ment, cost-related concerns are amplified by the fact that long-term benefits, 

such as operational efficiency or improved decision-making, are often hard to 

quantify and remain abstract for many actors. This cost-benefit uncertainty is 

connected to cultural barriers and it is particularly critical for actors with lim-

ited budgets or for projects without a strong digitalization mandate (Kassem 

et al., 2015, pp. 262–263). 

In addition to these life cycle-specific limitations, broader barriers to the adop-

tion of virtual building models are widely discussed in the literature. These 

include technological, cultural, organizational, and legal challenges that apply 
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across different actor groups and project types. Table 6.7 summarizes these 

challenges. 

Table 6.7: Barriers for the use of virtual building models for information management based 

on Enshassi et al. (2019, pp. 190–192) and Lill and Witt (2019, p. 301) 

Barrier Type Description 

Technological Limited interoperability between tools; insufficient align-

ment with data needs beyond geometry. 

Economic High costs for implementation, training, and updates; un-

clear return on investment for lifecycle applications. 

Cultural and 

workflow 

Resistance to changing established practices and work-

flows, especially for non-construction-focused actors. 

Human re-

source 

Lack of expertise among actors not directly involved in 

design and construction phases. 

Data govern-

ance 

Unclear ownership, sharing rights, and liability related to 

data, discouraging collaboration. 

Complexity High technical demands make BIM and digital twins un-

suitable for widespread use by non-experts. 

 

In practice, barriers to implementing BIM and digital twins are highly actor-

dependent and often shaped by specific project contexts, organizational struc-

tures, and regulatory environments. While some actors may overcome these 

limitations through targeted investments and capacity building, others, partic-

ularly smaller firms, may struggle to adopt such systems meaningfully without 

broader support structures. 

6.4.2.3 Summary and fact sheet 

The literature review confirms that virtual building models have high potential 

for life cycle information management. Their technical and functional capac-

ities are sufficient for LC-BIS applications. The challenge lies in determining 

which user groups can effectively utilize these models. In practice, a major 

drawback is that BIM and digital twin applications require specialized exper-

tise that is not yet widespread among practitioners, a finding also highlighted 

in interviews with real estate industry experts. Additionally, a significant 
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barrier is the gap between the high level of data structuring demanded by vir-

tual building models and the lower level of data organization currently preva-

lent in the industry (Table 6.8).  

Table 6.8: Fact sheet on virtual building models 

Term(s) Virtual building model, digital building model, BIM tool, BIM platform, BIM 

software, BIM application, digital twin, digital twin platform 

Goals Fostering BIM as the method and paradigm to digitize the process of design, con-

struction, and operation of buildings throughout their life cycle 

Background and 

drivers 

Digitization of geometric modeling of buildings and related workflows throughout 

the life cycle of a building; new possibilities to improve workflows and decision-

making based on using data in virtual building models which are rich in infor-

mation 

Main functions ☒ Data and 

document re-

pository 

☒ Data sharing 

platform 
☒ Digital copy ☐ Action plan 

and guide 

☒ Data creation 

and collec-

tion aid 

☒ Quality man-

agement sys-

tem 

☒ Assessment 

tool 
☐ Other: 

Life cycle stages ☒ Development ☒ Construction ☒ Use ☒ End-of-life 

Data categories  ☒ Master data ☒ Inventory 

data 
☒ Legal and 

economic 

data 

☒ Performance 

data 

Suitability as LC-

BIS 

Very high suitability, when building-related data and respective processes are fully 

digitized; limited suitability for unstructured and heterogenous data, as well as for 

non-expert users 

 

It is important to note that the capabilities outlined in the fact sheet do not 

pertain to any single BIM or digital twin application, but rather illustrate the 

full potential of this group of BISs. Ultimately, while virtual building models 

are highly suitable as LC-BIS, they are not yet applicable for the majority of 

actors in the real estate industry, a situation that may improve as industry ex-

pertise grows. 
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6.5 Building information systems with 
specific scope 

An increasing number of BISs are now integrated with life cycle information 

management. This section analyzes a range of these systems, including real 

estate management tools (section 6.5.1) and more task-specific tools (section 

6.5.2). Although their original functionality limits their suitability as compre-

hensive LC-BISs, their significance for actors of the real estate industry makes 

it essential to explore how they can complement traditional building-related 

information management. 

6.5.1 Real estate management systems 

6.5.1.1 Facility management systems 

Facility management takes in an important role in building-related information 

management, since it is closest to a specific building compared to other real 

estate management disciplines and thus responsible for a majority of data col-

lection throughout the use stage. According to standardization, facility man-

agement systems are supposed to determine policies, goals, and processes so 

that they contribute to the facility management goals of an organization (DIN 

EN ISO 41001:2018-09, p. 11). This implicitly includes the management of 

relevant building-related information which reflects in the analysis of the lit-

erature regarding covered data categories. 

Facility management systems have evolved under the influence of digitization 

and technological advancement, summarized under the methodology of Com-

puter-Aided Facility Management (CAFM). According to the literature, 

CAFM is a reaction to the increased complexity of operations in facility man-

agement (May, 2018, p. 2). CAFM systems work as individual facility man-

agement solutions for organizations based on CAFM software, a data basis as 

well as organizational and technical resources (May, 2018, p. 7). Further de-

veloped CAFM systems combine these functional units with virtual building 

models in integrated information systems (Opić et al., 2018, p. 46). There is 

also evidence about the interpretation of CAFM as a “digital building book” 
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which should combine all tools that are relevant for facility management 

(VDI-MT 3810 Part 1:2023-03, p. 47). 

While CAFM is a concept already existing for several decades, Talamo and 

Bonanomi (2015) follow a thorough approach how facility management can 

be supported by modern information systems. With an emphasis on building 

stocks from an organizations’ standpoint, they propose a job-sharing approach 

between three main instruments with complementary functions: 

• Real estate inventory: The purpose of the inventory is to collect all the 

relevant data necessary for facility management. Talamo and Bonanomi 

(2015, p. 32) describe the inventory as an “continuous process of re-

trieval, selection, validation, acquisition and updating of information”. It 

is characterized by the progression, dynamism, and specificity of data 

collection as well as the appropriate level of detail and multiplicity of 

sources (Talamo & Bonanomi, 2015, pp. 32–33). 

• Building registry: Talamo and Bonanomi (2015, p. 46) interpret a build-

ing registry as a knowledge base and information platform that stores the 

data collected in the inventory process. From a technical standpoint, a 

suitable database type needs to implement the building registry while fa-

cility managers should consider data quality requirements (Talamo & Bo-

nanomi, 2015, pp. 46–48). 

• Information system: Within this context, an information system is con-

sidered as a multifunctional instrument that supports actors in decision-

making and operations simultaneously (Talamo & Bonanomi, 2015, 

p. 108). It is supposed to manage information gathered in the inventory 

and stored in the building registry and, above that, enable various pro-

cesses of data retrieval, editing, and analytics (Talamo & Bonanomi, 

2015, p. 109). 

The described approach is a good example for advancing the functionality of 

facility management systems. However, it is niche topic, which did not find 

wider application in theory or practice. Based on the findings from the litera-

ture review and the insights from expert interviews, benefits and limitations 

for facility management systems functioning as LC-BIS could be determined 

(Table 6.9). 
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Table 6.9: Benefits and limitations of facility management system, especially CAFM sys-

tems, for use as life cycle building information systems 

Benefits Limitations 

CAFM as an established concept in 

the real estate industry 

CAFM already exists for several 

decades and is not perceived as an 

innovative approach 

Substantial data need in facility 

management covers a large amount 

of life cycle building data 

CAFM mostly concentrates on oper-

ational tasks during the use stage 

Facility management is a discipline 

close to the building 

Rather user-oriented and task-ori-

ented compared to explicit building 

focus  

Integration with virtual building 

models more and more common 

Not designed to meet the needs of 

smaller companies and private 

building owners 

 Often actor-specific solutions, not 

designed for data sharing across 

multiple actors 

 Full potentials of CAFM systems 

are seldomly employed 

 

While facility management systems might not be suited to function as LC-

BISs in their current form, they might be a very important information source 

when setting up LC-BISs. 

6.5.1.2 Portfolio and asset management systems 

A fairly underrepresented group of tools in the academic literature concerns 

portfolio and asset management systems. This has multiple potential reasons: 

• The relevance of support by information systems in portfolio manage-

ment only grew in recent years along with growing building stocks of 

real estate and housing companies and the growing complexity of port-

folio management  

• Portfolio management is treated very differently from actor to actor in 

the real estate industry. While some companies run a dedicated portfolio 
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management department, others still rely on “gut feelings” and prior 

knowledge. Changes can be observed with increasing professionalism in 

the industry. According to Rock and Seilheimer (2024, p. 195), large as-

set companies primarily develop customized ecosystems to support asset 

management and integrate it with other building-related task areas.  

• There is a variety of job titles for portfolio managers. At the same time, 

many roles can be responsible for portfolio management tasks including 

investment, asset, risk, facility, or sustainability managers for example.  

• Academics might not see reason to do research on portfolio management 

systems, since there is no need for substantial innovation. 

Expert interviews revealed, however, that decisions in portfolio management 

are becoming increasingly complex due to more volatile markets, new require-

ments, e.g. by sustainability objectives, or new legal requirements. All these 

factors stress the need for decision support in portfolio management tasks, in-

cluding portfolio analysis and risk management. 

Portfolio management relies on a substantial amount of building-related data 

that must be collected on the building level. Insights from practitioners show 

that portfolio management software eventually stores the respective data in 

dedicated databases/storages or makes use of data from ERP systems (section 

6.5.1.3), for example. However, a common problem is that these solutions are 

seldomly used longer than a couple of years. At the same time, they often do 

not meet the requirements on the functionality of users. These are just exam-

ples for barriers that prevent this type of tools to function as LC-BISs (Table 

6.10). 
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Table 6.10: Benefits and limitations of portfolio management systems for use as life cycle 

building information systems 

Benefits Limitations 

Potential storage of a substantial 

amount of building-related data 

Emphasize on portfolio level and 

not on single building level 

Usually some kind of data quality 

standard implemented to ensure data 

for different buildings can be com-

pared and aggregated 

No standard regarding functionality 

and data content often leading to 

data interoperability issues 

Oriented on practical needs of build-

ing owners 

Usually focus on use stage only 

 Only suited for a limited amount of 

building owners 

 Not designed to share data 

 

More recent developments in the real estate industry show, according to expert 

insights, that portfolio management is not only assisted by dedicated portfolio 

management systems, but increasingly through digital twin solutions, espe-

cially in connection with sustainability assessments. 

6.5.1.3 Enterprise resource planning systems 

Enterprise Resource Planning (ERP) systems are widely used in the real estate 

industry to manage organizational processes, focusing primarily on commer-

cial operations such as finance, procurement, and resource planning. These 

systems are characterized by their structured data models, which support ro-

bust organization and traceability, and their ability to integrate data across 

multiple departments, enabling cross-functional insights. However, their his-

torical emphasis on commercial processes often leaves them less suited for 

managing building-specific and life cycle-oriented data. Customization op-

tions exist but are often complex, time-intensive, and costly. 

Expert interviews revealed that recent industry developments aim to address 

these limitations through the emergence of technical ERP systems. These sys-

tems are designed to complement traditional commercial ERP systems by in-

corporating building-related data and focusing on operational aspects such as 
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facility and building management, maintenance, and sustainability reporting. 

This evolution highlights the growing recognition of building-related data as 

a critical resource, particularly in light of increasing demands for sustainability 

assessments and regulatory compliance. Despite these advancements, ERP 

systems show limited similarities with LC-BISs (Table 6.11). 

Table 6.11: Benefits and limitations of ERP systems for use as life cycle building information 

systems 

Benefits Limitations 

Structured data models, supporting 

robust data organization and tracea-

bility 

Historically focused on commercial 

processes, often neglecting building-

specific needs 

Integration across multiple depart-

ments, enabling cross-functional in-

sights 

Limited support for building life cy-

cle stages beyond the use stage 

Emerging technical ERP systems 

with focus on operational and sus-

tainability data 

Not designed for non-professional 

building owners and stakeholders 

Cloud-based and modular architec-

tures for scalability 

Lack of interoperability with other 

building systems and data standards 

 Customization is complex, time-in-

tensive, and expensive 

 Not designed for data sharing with 

external actors 

 

Building on the discussion of ERP systems, it is worth noting the growing 

potential of standard business software as an alternative or complement to tra-

ditional ERP solutions. Modern standard business software increasingly oper-

ates on cloud-based infrastructures, offering robust capabilities for document 

management, including metadata management, and providing seamless op-

tions for data sharing between different actors. These solutions benefit from 

being widely accessible, highly scalable, and often easier to implement than 

fully customized systems. However, their lack of customization options can 

be a significant drawback, particularly when dealing with highly specific 

building-related data requirements or workflows. Additionally, such software 
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often struggles with treating granular data at the level of individual buildings 

or assets, which can limit its applicability for detailed lifecycle-oriented tasks. 

While these tools may not meet all the requirements of a LC-BIS, their flexi-

bility and collaborative features make them an increasingly relevant compo-

nent of modern building information management strategies. 

6.5.2 Task-specific tools 

6.5.2.1 Building automation and management systems 

Building automation and management systems (BAMSs) have already been 

introduced in the context of original data collection of dynamic data through 

sensor technology (section 4.1.3). Based on the many possibilities to collect 

real-time data via sensors in a building today, BAMSs need to handle large 

amounts of data. As indicated by industry experts, the sensors and devices 

integrated into BAMSs can vary significantly in their level of “smartness”, 

ranging from basic units that only collect measurement data, to more advanced 

components capable of local data processing, and up to devices that enable 

remote control and real-time interaction. Communication between devices 

needs to be coordinated through appropriate interoperable formats.  

If used correctly, BAMSs can make significant contributions to a more effi-

cient operation of building services. Among other things, BAMSs can help to 

improve energy efficiency, optimize water consumption, enhance safety and 

occupant comfort, reduce maintenance costs, and extend the service life of 

building components and services. For this, BAMSs rely on methods and tech-

nologies for big data analytics on the basis of AI and ML algorithms (Himeur 

et al., 2023, pp. 4932–4933).  

However, the use of BAMSs can be challenging and not suited for all types of 

buildings and building owners. The literature identified current challenges in 

managing the data quality of raw data, using data for benchmarking, ensuring 

data security and privacy, and solving interoperability and scalability issues 

(Himeur et al., 2023, pp. 4987–4993). BAMSs tend to move closer to the func-

tionality of a LC-BIS by incorporating new data sources and technologies. 

This stresses the importance of building-related information management. Re-

garding their relevance in the context of LC-BISs, several benefits and 
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limitations could be identified, considering insights from expert interviews 

and knowledge (Table 6.12). 

Table 6.12: Benefits and limitations of BAMSs for use as life cycle building information sys-

tems 

Benefits Limitations 

Collection, processing, storage, and 

analysis of large amounts of dy-

namic data 

Integration of different kinds of 

static building-related data from all 

life cycle stages 

Comes with potent ICT solutions Usually high upfront costs for ICT 

infrastructure 

In practice modular solutions availa-

ble to cover different building man-

agement tasks and integration of dif-

ferent actors 

Available solutions often designed 

for larger non-residential buildings 

only 

Integration with virtual building 

models possible 

Systems partly require expert skills 

and knowledge 

 

Despite their limitations, BAMSs and the digital collection and processing of 

data in general, might take in an important role in a modular approach on life 

cycle information management. 

6.5.2.2 Property registration and cadaster systems 

Information systems for property registration and cadasters are becoming in-

creasingly relevant for storing and maintaining building-related data. These 

systems play a significant role in supporting economic and social well-being 

(Adlington et al., 2021, p. 5). Two main functions underline their use cases: 

governments rely on them for land management tasks such as taxation, service 

provision, and infrastructure planning, while businesses and individuals use 

them for property transactions, mortgaging, and secure property management 

(Adlington et al., 2021, p. 6). 

Recent trends highlight the evolution of property registration and cadaster sys-

tems. Traditional cadastral data are increasingly enhanced to include more de-

tailed information. For example, in Germany, the Working Committee of the 
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Surveying Authorities of the Laender of the Federal Republic of Germany 

(2023) maintains 3D building models at BIM LoD 100 and 200, enabling ap-

plications such as energy demand estimations, solar cadasters, and emergency 

management. Private initiatives, such as those from Geomer (2025) provide 

structured datasets on building stock and characteristics based on geospatial 

analysis. Simultaneously, building registers are emerging that focus on the 

building stock rather than solely spatial aspects. Germany is considering the 

introduction of a national register for buildings and dwellings. According to 

Krause et al. (2022, pp. 27–28), such a register could: 

• Enable consistent and less resource-intensive statistical surveys of the 

building stock, 

• Provide building-related data for real estate and academic research, 

• Support a more efficient and digital building permit process, 

• Facilitate monitoring of energy efficiency and greenhouse gas emissions, 

• Aid in housing needs assessments and funding allocation. 

Other countries such as Denmark (Christensen, 2011, p. 106), Estonia (Esto-

nian Centre of Registers and Information Systems, 2021), Iceland (HMS, 

2023), or Switzerland (Federal Statistical Office, 2023) have introduced build-

ing registers that extend beyond traditional cadastral systems in data scope and 

functionality (section 3.3.4).  

The suitability of these systems as LC-BIS depends on their focus and func-

tionality. Traditional cadasters and land registers are less appropriate, whereas 

modern building registers are evolving toward a more comprehensive man-

agement of building-related information. Promising examples, as from Den-

mark, indicate that these systems can offer a robust foundation for accessing 

key master, inventory, and legal data. Limitations to their function as LC-BIS 

relate to the management of dynamic data and, most notably, to issues of data 

ownership and control. Compared to building owners and real estate manage-

ment professionals, the public sector typically lacks the capacity to effectively 

administer data collection, storage, sharing, and quality management, which 

are essential for numerous lifecycle tasks. Moreover, in countries such as Ger-

many, where no building register currently exists, the time and cost associated 

with its development would be considerable. 
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6.5.2.3 Tools for sustainability assessment and management 

The increasing demand for sustainable practices in the real estate industry has 

led to the proliferation of tools and systems designed to assist in sustainability 

management. These systems aim to support building owners and other actors 

by offering knowledge about assessment methods, automating evaluations, as-

sisting with data collection and management, visualizing results, and generat-

ing automated reports for internal and external stakeholders. Their functions 

are closely tied to consulting services within the real estate industry, making 

them an integral part of sustainability-oriented decision-making. Although the 

academic literature provides little to no evidence on this group of tools, expert 

interviews indicate that they are a highly relevant and current topic for practi-

tioners. 

Many of these initiatives are spearheaded by proptech companies and new 

players in the field, reflecting the dynamic and innovative nature of this do-

main. These solutions are predominantly business-to-business (B2B) and tai-

lored for housing companies, real estate funds, project developers, financiers, 

and other professional entities (C. Schäfer, 2024, p. 13). The focus spans di-

verse sustainability topics, including fostering ESG principles. Key areas of 

application include calculating GHG emissions, developing decarbonization 

strategies, exploring climate adaptation possibilities, and formulating asset 

and portfolio strategies. Increasingly, these systems also assess the financial 

implications of sustainability measures at both the building and corporate lev-

els, and some offer solutions for evaluating circularity potential (C. Schäfer, 

2024, pp. 8–9). 

The most sophisticated systems in this domain leverage standardized method-

ologies, such as LCAs, to ensure reliable and actionable insights. These sys-

tems are often implemented as cloud-based platforms that require substantial 

building-related data. To address this need, service providers frequently assist 

building owners in data collection processes, such as through building surveys 

or due diligence services. The collected data are stored in databases, in some 

cases with interfaces to ERP systems or other corporate information systems. 

Sustainability management imposes significant requirements for systematic 

building-related data management, making it a strong driver for the 
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development of LC-BISs. Current service providers demonstrate effective ex-

amples of how modern ICT infrastructures can be utilized to create practical 

BIS solutions tailored for sustainability use cases. Some solutions already in-

tegrate advanced technologies, such as digital twins, offering decision support 

not only for sustainability management but also for portfolio management, fa-

cility management, financial planning, marketing, and risk management. 

However, the current landscape also presents notable limitations. Most solu-

tions are tailored to specific groups of actors, primarily large real estate com-

panies, often excluding smaller enterprises and private building owners. The 

scope of data in these systems is typically restricted to serve immediate use 

cases, which risks creating new silos of information. Furthermore, many sys-

tems exhibit poor interoperability with other data formats and information sys-

tems, compounded by the risk of vendor lock-in effects. Another critical short-

coming is the lack of focus on how collected data should be maintained and 

updated over the long term, raising questions about the sustainability of the 

data management practices themselves. 

6.6 Discussion of findings 

This section synthesizes the findings from the analysis of existing BISs. It first 

provides general observations to contextualize these findings within current 

developments and trends (section 6.6.1). Next, it compares selected BISs, as-

sessing the extent to which they meet the requirements of a LC-BIS (section 

6.6.2). This is followed by an exploration of potential synergy effects between 

their functions (section 6.6.3). Finally, methodological limitations are briefly 

addressed (section 6.6.4), and a concluding reflection prepares the ground-

work for the results section of this thesis (section 6.6.5). 

6.6.1 General observations 

BISs have historically evolved in response to the complexity of information 

management across the building life cycle. This analysis does not question the 

general functionality of these systems but rather evaluates their applicability 

as LC-BISs aimed at overcoming typical challenges in the industry. 



6.6  Discussion of findings 

237 

A notable trend across all BISs is their evolution toward more data-centric 

approaches, driven by technological advancements and digitization. This shift 

underscores the growing importance of interoperability between data formats 

and systems. In addition, the overlay of different trends across the real estate 

industry, mainly driven by sustainability reasons, which increases the need for 

building-related data can be observed within the landscape of BISs. This com-

plicates it further to distinguish between different systems and their function-

ality, while it is already difficult to receive a bigger picture of relevant BISs 

that are relevant to the real estate industry now and in the future.  

Another aspect addresses the diverse set of terms, contributing to misconcep-

tions and uncertainty, especially among practitioners. For instance, BPs 

though rooted in longstanding concepts and first implementations, now gain 

prominence more recently under the term “digital building logbook”. At the 

same time, the concept of "passportization" has introduced further ambigui-

ties, with terms like material passports and renovation passports often con-

flated with building passports. This leads to a lack of reliability in practice, 

where the term may, in the worst case, suggest a fundamentally different sys-

tem due to a conceptual misunderstanding. In addition, other BISs which were 

originally applied for more specific tasks now move to the functionality of 

LC-BISs.  

6.6.2 Fulfillment of requirements and implications 

Table 6.13 presents a heat map indicating the extent to which various BISs 

meet the requirements of a LC-BIS. The findings are based on the literature 

review, while the comparison categories are drawn from the requirement pro-

file in chapter 5. For simplicity and better clarity, not all identified BIS types 

are listed. Instead, the selection includes relevant passport concepts 

(DBPs/DBLs, material passports, and renovation passports) and virtual build-

ing model applications. Additionally, real estate management systems and 

building registers are considered as grouped categories. 

Regarding the main functions, it can be observed that all systems have the 

potential to cover a substantial amount. Especially passport concepts are de-

signed to function as data repositories, highlighting their respective relevance. 
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Virtual building model applications show their main strength in visualization, 

which is inherent to their character as a digital copy. Most systems have the 

capability to assist data collection, facilitate data sharing, and data quality 

management, while also active decision support plays a role, especially 

through action plans, such as in renovation roadmaps. Naturally, the extent to 

which these functions are covered in practice depends on the individual tool 

applied. 

Slight differences can be seen in life cycle coverage. While DBPs/DBLs are 

intended to cover the use stage through to the end-of-life of a building, virtual 

building models, despite advancements towards life cycle management (sec-

tion 6.4.1), are still largely focused on the construction stage. This is due to 

their strong emphasis on geometric data and their still-limited adoption in 

practice, as indicated by expert interviews. Material passports show the high-

est relevance in (de-)construction stages, whereas renovation passports are 

specifically designed for existing buildings. In general, DBPs/DBLs, virtual 

building models, and material passports contribute to a better transfer of data 

from early life cycle stages to the use stage. 

Differences become apparent when looking at data coverage. DBPs/DBLs are 

designed to include all essential data categories, whereas other BISs tend to 

focus on more specific domains. Virtual building models, due to their focus 

on geometric data, effectively cover inventory data and can also include per-

formance data, particularly when realized as semantically rich digital twins. 

Real estate management systems, such as facility management or ERP sys-

tems, have strong capabilities in managing master data as well as economic 

and legal data. However, they often lack clearly defined system boundaries at 

the individual building level, which limits their ability to comprehensively 

cover inventory and performance data. 

Substantial differences also exist regarding costs. While DBPs/DBLs aim to 

provide low entry barriers for all types of actors throughout the building life 

cycle, virtual building models are regarded as expert tools among industry 

practitioners. This is considered one of their major downsides, as it limits ac-

cessibility for a broader range of actors. 
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The potential to meet data quality requirements is closely tied to the level of 

data structuring within a BIS. Virtual building models, when applied with 

structured data formats such as IFC, show strong capabilities in meeting accu-

racy, consistency, and interoperability requirements. On the other hand, 

DBPs/DBLs, due to their broader range of addressed actors and data catego-

ries, have a higher potential to provide data that is complete and comprehen-

sible for users. Other systems do not exhibit particular strengths in this regard. 

Regarding system-related requirements, DBPs/DBLs are designed to be easy 

to use and scalable. While virtual building models are also scalable, they lack 

ease of use for most actors. 

Table 6.13: Comparison life cycle building information system requirement compliance 

across different systems 
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Data collection       

Data sharing        

Quality management       

Visualization       

Assessment       
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Life cycle 

coverage 

Development       

Construction       
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Use       

End-of-life       

Data cov-

erage 

Master data       

Inventory data       

Legal and economic data       

Performance data       

Costs Level of expertise required       

Initial setup costs       

Administration effort       

Potential 

to meet 

data qual-

ities 

Accuracy       

Availability*       

Consistency       

Interoperability       

Security       

Completeness       

Non-Redundancy       

Comprehensiblity       

Usefulness*       

Potential 

to meet 

system 

require-

ments 

Interoperability       

Modularity, granularity       

Operability, Ease of use       

Scalability, expandability       

*Depends on external factors, no clear assumption possible  

6.6.3 Synergies 

BISs are not inherently exclusive: synergy effects become apparent when they 

are deployed in a modular, job-sharing framework that aligns under a unified 

framework. While DBPs/DBLs show their suitability as LC-BISs, other BISs 

can make substantial contributions, including material passports for material-

related information, renovation roadmaps for decision support in renovations, 

as well as virtual building models for visualization, modeling, and simulations. 

Likewise, interfaces with real estate management systems and other task-
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specific tools must be determined. The modular implementation of BISs will 

therefore be considered in the results section of this thesis (section 7.6.3). A 

rough classification on the data scope of relevant systems has already been 

made in an earlier paper by the author (Buchholz & Lützkendorf, 2022). While 

this classification only shows a selection of potential data categories and does 

not consider all the capabilities, it illustrates the respective focal points (Figure 

6.8). 

 

Figure 6.8: Data related focal points of selective building information systems throughout the 

life cycle (Buchholz & Lützkendorf, 2022, p. 6, 2023, p. 914) 

6.6.4 Methodological limitations 

This review captures only a snapshot of a rapidly evolving field. The analysis 

primarily reflects academic perspectives, which may not fully align with in-

dustry realities. While expert insights were incorporated, the scope of empiri-

cal studies remains limited, particularly regarding diverse actor perspectives 

and regional differences beyond Europe and Germany. As a result, the global 

applicability of the findings remains partially unexplored. 

The evaluation and discussion of BIS capabilities present an aggregated and 

abstract view of these systems, which may not fully align with specific indus-

try applications that are often more heterogeneous in functionality. The aim 

was to provide a structured overview and comparison by logically grouping 

BISs based on the current state of knowledge. Given the dynamic nature of 
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this field, the classification and findings should be understood as reflective of 

the current landscape rather than a definitive assessment. 

A systematic literature review inherently focuses on published studies, which 

do not always capture practical applications. Expanding future research 

through additional empirical approaches, such as case studies or broader in-

dustry engagement, could provide deeper insights into the real-world implica-

tions of BISs across different contexts. 

6.6.5 Conclusion 

The overall findings of the analysis in this chapter indicate that: 

• The concept of a LC-BIS is not completely new to the real estate industry 

and that more and more BISs move towards this idea. This means that 

the development of a LC-BIS can fundamentally build on existing ap-

proaches. 

• DBPs/DBLs exhibit the highest potential to function as LC-BISs for the 

majority of actors. These systems align closely with the requirements 

outlined for LC-BISs, particularly in terms of their capacity to support 

data-centric, modular, and low entry approaches. While virtual building 

models might also take in an increasing role for specific actors in life 

cycle information management, other tools rather function in a comple-

mentary way. 

• Significant gaps remain in understanding how these systems can fully 

meet the requirements on a LC-BIS. Specifically, further clarification is 

needed on their functionality, the processes by which they can address 

life cycle-specific information management challenges, and the pathways 

for successful implementation within the industry. 

Based on this conclusion, the functionality of LC-BISs will be specified for 

DBPs/DBLs in the results section (chapters 7 and 8). For this, unresolved as-

pects including the technical mechanisms by which DBPs/DBLs can fulfill 

life cycle coverage, the seamless information transfer across life cycle stages, 

and the accessibility for diverse actors will be addressed. Additionally, practi-

cal strategies for integrating DBPs/DBLs into existing workflows, addressing 

economic viability, and overcoming barriers to adoption in the industry are 
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essential to realize their potential. For simplicity and based on the longer his-

tory among practitioners within the industry, the term ‘building passport’ will 

be used as a basis, while ‘digital’ clearly indicates that the tool is no longer a 

simple hardcopy document collection, but a digital tool.  
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7 Proposal of digital building 
passports as life cycle building 
information systems 

Building on the analysis in Part B, this chapter presents the primary proposal 

of this thesis. It develops a conceptual framework in the form of an information 

systema architecture (ISA) for DBPs, identified as the most suitable tool to 

serve as a LC-BIS. The chapter draws on foundational concepts from chapter 

2, including the interpretation of an ISA and various information modeling 

approaches. 

A condensed version of this framework was previously presented by the author 

in an earlier publication (Buchholz & Lützkendorf, 2024). In this chapter, the 

framework is refined and expanded with greater detail. The process begins 

with an explanation of how the ISA is derived, outlining the assumptions and 

providing an overview (section 7.1). Each view of the system is then ad-

dressed, explaining how its respective sub-elements are derived (sections 7.2 

to 7.6). The chapter predominantly applies a conceptual and semantic per-

spective, while also offering more specific explanations of technical imple-

mentations where necessary. The systematic derivation of the ISA elements 

inherently incorporates a verification process. 

 

Figure 7.1: Structure of chapter 7 

  

7.2 Point of

view: 

functions

7.1 An information system architecture as conceptual framework

7.3 Point of

view: data

7.4 Point of

view: users

7.5 Point of

view: 

technology

7.6 Point of

view: 

processes



7  Proposal of digital building passports as life cycle building information systems 

248 

7.1 An information system architecture as 
conceptual framework 

In this section, the conceptual framework is derived for DBPs in their role as 

LC-BIS. It comes in the form of an ISA, which is a suitable instrument to 

define the most important elements of an information system. After deriving 

the structure of the ISA (section 7.1.1) and providing a visual overview (sec-

tion 7.1.2), the approach is compared to existing reference architectures (sec-

tion 0). In addition, the relevance of system boundaries is explained (section 

7.1.4).  

7.1.1 Derivation and assumptions 

An ISA enables a structured view of an information system including a de-

scriptive representation of all constitutional elements so that it can be devel-

oped, used, and maintained according to requirements (section 0). Several rea-

sons speak in favor of adapting the architecture concept for DBPs too: 

• Conceptual view: An ISA is easy to understand also for non-experts since 

it does not rely on formalization mechanisms. In addition, it provides a 

semantic view on an information system. 

• Abstraction, modularity: An ISA can be represented by conceptual mod-

els on different levels of detail. A modular approach supports the abstrac-

tion for different elements. 

• Completeness: An ISA covers all relevant aspects of an information sys-

tem. It follows a life cycle approach so that it can be used during design, 

creation, and use of the system. 

• Perspective: An ISA enables to take in the different views of the single 

elements on the complete information system. These views can also be 

interpreted as dimensions and constitute the elements of the system. 

• Scalability, expandability: An ISA can be enhanced based on the modular 

approach. 

• Adaptability, flexibility: An ISA can be used and adapted for various use 

cases based on its characteristics of completeness, abstraction, and per-

spective. 
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• Clear system boundaries: An ISA defines system boundaries implicitly 

by defining the elements of the system and explicitly by defining inter-

faces with the system environment. 

• Reference: An ISA is an appropriate concept for the real estate industry, 

since the actors can relate to the term ‘architecture’ and to its meaning 

quite well. 

Thus, a suitable ISA for DBPs needs to be derived that meets the requirements 

on a LC-BIS as defined in chapter 5. The goal is to determine necessary ele-

ments, also called building blocks or modules, and to explain how these ele-

ments are interrelated. The single elements enable different views on the sys-

tem and can be organized in subarchitectures. This emphasizes the abstract 

and modular view on an ISA.  

An ISA for DBPs must first and foremost incorporate the relevant functions. 

Functions define the tasks performed by the system or in interaction with it. 

By establishing a dedicated element for functions within the ISA, these tasks 

can be analyzed and explained independently. At the same time, functions 

must be interconnected with other key elements of the system, such as relevant 

data, users, and technological resources. Only through these interconnections 

can functions become meaningful and meet user requirements. The functions 

of a DBP are shaped by its role as a data repository and by the information 

management processes that support this role. 

The second essential aspect is the data included in the ISA. To develop a ro-

bust data architecture, the ISA must enable an independent conceptual per-

spective on data. The data element should specify how data are structured at 

the semantic, logical, and physical levels. A well-defined data architecture en-

sures that data are created, collected, processed, stored, retrieved, shared, an-

alyzed, and updated in accordance with system requirements. Data also play a 

central role in system interactions, serving as both inputs and outputs for var-

ious functions. 

A third fundamental element of the ISA is the system users and their charac-

teristics. Since information systems are socio-technical systems, comprising 

both human and machine elements, users must be explicitly considered. 

Within the ISA, users are characterized by their interactions with other system 
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elements at different points in time. Additionally, they vary in terms of per-

sonal and organizational factors, including their knowledge of system func-

tions, specific requirements, professional context, preferences, and challenges. 

An ISA must accommodate these differences by implementing a structured 

approach to managing user interactions. This requires a framework that is both 

stable and adaptable, ensuring that the system can respond to evolving user 

needs while maintaining necessary information flows. 

Another crucial element of the ISA is the technological infrastructure, specif-

ically information and communication technology (ICT). Digitization and au-

tomation are essential for meeting data quality and system-related require-

ments in a LC-BIS, particularly when multiple quality attributes must be 

achieved simultaneously. Therefore, ICT should be explicitly integrated as a 

separate element within the ISA. While ICT is relevant to all system elements, 

treating it as an independent component offers distinct advantages. First, dig-

ital DBPs are still emerging, meaning that potential users require transparency 

regarding the implemented technologies and their benefits. Second, the rapid 

evolution of ICT necessitates a flexible approach that allows new technologies 

to be assessed and integrated at the system level, rather than requiring modifi-

cations to individual elements. Additionally, maintaining ICT as a distinct el-

ement facilitates an independent and focused evaluation of technological per-

formance. 

While these four elements, functions, data, users, and ICT, form the core of 

the ISA, they must be interconnected and aligned with external entities beyond 

system boundaries. To manage these interactions, an additional element is re-

quired: the process element. This component governs the execution of system 

functions and facilitates interactions between the internal elements as well as 

between the system and its external environment. It acts as a control unit, de-

fining rules and mechanisms to respond to both internal and external triggers 

that necessitate action. This includes coordinating the execution of functions 

while integrating human, technical, and data-related resources. 
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7.1.2 Architecture model 

The ISA for DBPs, comprising the five identified elements, can be illustrated 

through an architecture model. At this level of abstraction, the model does not 

adhere to any specific modeling language or formalization mechanism. In-

stead, it focuses on representing the elements and their relationships. The ar-

rangement of the elements is guided by straightforward considerations: the 

user viewpoint is positioned at the top, emphasizing the overarching require-

ment for the system to be useful to its intended users. Data and functions, 

which are interdependent system elements, are placed horizontally at the cen-

ter. Neither can fulfill its purpose without the other. The ICT implementation 

is situated at the bottom, reflecting its supporting role. The entire architecture 

is unified through the process perspective, a central control element, which 

connects and integrates all components within the ISA (Figure 7.2). 

 

Figure 7.2: Information system architecture model for digital building passports based on 

Buchholz and Lützkendorf (2024, p. 6) 

Data FunctionsProcesses

Technology

Users



7  Proposal of digital building passports as life cycle building information systems 

252 

Each element of the system will be specified individually in the following sec-

tions of this chapter. This approach ensures a clear and detailed understanding 

of each component, its role within the architecture, and its interactions with 

other elements. 

7.1.3 Link to existing reference architectures 

There are ISAs that act as overarching frameworks providing guidance for 

specific architectures (section 2.2.2.2). These frameworks, which are called 

reference architectures, were analyzed to identify similarities to the ISA for 

DBPs. A severe similarity could be identified with the architecture of inte-

grated information systems (ARIS) by Scheer (1998, p. 18). 

Three elements of the ISA for DBPs, function, data, and the control/process 

view, align with those in the ARIS framework (Table 7.1). This raises ques-

tions about the distinctions between the remaining elements, their origins, and 

the potential implications these differences hold for the ISA for DBPs. Explor-

ing these aspects will provide insight into how the ISA for DBPs diverges from 

the ARIS framework and what this means for its design and application. 

Table 7.1: Comparison of the proposed information system architecture for digital building 

passports with ARIS 

ISA DBPs  ARIS framework 

Users vs Organization 

Functions vs Functions 

Data vs Data 

ICT vs - 

Processes vs Processes 

- vs Performance 

 

For DBPs, the human element is explicitly represented through the perspective 

of users, whereas the ARIS framework addresses this aspect implicitly via the 

organizational view. This distinction can be attributed to the differing contexts 

of the ISAs. As common for foundational concepts in business informatics, 

Scheer (1991) developed the ARIS framework within the context of 
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intraorganizational information systems. Historically, a primary focus of in-

formation systems research was on the development, management, and opti-

mization of ICTs for business organizations. The term “integrated” within 

ARIS underscores this focus, emphasizing its design for implementation 

within such systems. However, the demand for interorganizational infor-

mation systems has grown significantly since the time ARIS was introduced. 

This shift is also relevant for DBPs, which are envisioned as tools serving a 

diverse range of actors. Consequently, the user element in the ISA for DBPs 

explicitly incorporates the users’ perspective, independent of their specific or-

ganizational context, which lies outside the scope of the ISA. 

In his early work, Scheer (1991) proposed a separate integration of technolog-

ical aspects within the ISA framework. However, he later abandoned this ap-

proach, emphasizing that ICT is inherently embedded in all elements of an 

ISA through their technical implementation. This perspective is rooted in the 

scheme of descriptive views, which range from the conceptual business view 

to the physical technical view, and are intrinsic to all elements of the frame-

work. The same logic applies to DBPs. Nonetheless, due to factors discussed 

earlier, such as the novelty of DBPs and the rapid pace of technological ad-

vancements, ICT is treated as a standalone element within the ISA for DBPs. 

Differences between conceptual and technical views will be addressed in the 

following sections for specific elements. 

In more recent versions of ARIS, another view was added focusing on perfor-

mance aspects (Scheer, 2001, p. 93). This includes the outcome of production 

and service processes of a company, for which the ARIS framework is applied. 

Since the ISA for DBPs is explicitly designed to serve information manage-

ment and not to model production and service processes, this view is not rele-

vant for this context. 

7.1.4 System boundaries 

System boundaries define the separation between the system and its environ-

ment, playing a critical role in ensuring the system's functionality over its 

lifespan. For a DBP, establishing clear boundaries is essential to distinguish it 

from its surrounding environment. However, this task is inherently complex, 
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as DBPs in their role as information systems are multi-dimensional constructs 

shaped by their socio-technical nature, integrating both technical components 

and human factors. 

In theory, it is sufficient to clearly define all entities within a system in order 

to define its system boundaries. This is based on the assumption that all other 

entities are not part of the system. Still, this includes difficulties, since: 

• DBPs are open information systems that interact with their environment 

frequently, 

• DBPs are dynamic information systems which means that they change 

through time including their elements, 

• DBPs are artificially separated from their environment, a crucial aspect 

as information systems increasingly operate in decentralized and virtual 

environments rather than being tied to specific physical locations. 

• Numerous entities of the real world could potentially be an integral part 

of the system, 

• DBPs can be extensive systems with a variety of data, functions, users, 

and technologies. 

These features have several implications. For instance, specific entities do not 

need to be part of the system both conceptually and physically at the same 

time. Data can be semantically integrated using technologies like linked data, 

even when physically stored at a location different from where it is accessed. 

The dynamic nature of a DBP also allows entities to be included in the system 

temporarily. This is particularly evident in the case of users, who, as individ-

uals in the real world, possess unique characteristics. When they interact with 

a DBP, they take on the role of users with distinct features, such as motives, 

requirements, knowledge, access rights, and previous actions, that collectively 

define their identity within the system. 

In order to better define system boundaries for the single elements and decide 

whether an entity is part of the system or not, several criteria are applied for 

the definition of ISA elements. These can also be interpreted as minimum re-

quirements (Table 7.2). 
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Table 7.2: Implications on system elements to define system boundaries 

System 

ele-

ment 

Possible criteria for 

system boundaries 

Implications 

Data Building reference 

Minimum data qual-

ity requirements 

A data structure should be oriented on the 

main object of consideration, primarily a 

single building in various states of its life 

cycle. It should fulfill minimum require-

ments on data quality to meet the require-

ments of users.  

Func-

tions 

Minimum user-spe-

cific requirements 

Differentiation from 

other BISs 

Functions should be oriented on the re-

quirements of users. In combination with 

other system elements, a clear differentia-

tion to other BISs must be possible. 

Users Minimum require-

ments on user attrib-

utes based on access 

policy 

The system should only incorporate users 

with a reasonable purpose for access. 

Thus, suitable user attributes must be cho-

sen to constitute user models and manage 

access. 

ICT Necessity for func-

tioning of other ISA 

elements 

Added value through 

quality improve-

ments (e.g. higher ef-

fectiveness, effi-

ciency of processes) 

Only those ICT resources should be incor-

porated that are substantial for the system 

to function properly or that provide spe-

cific added value. User requirements 

should be considered too. 

 

The system boundaries of a DBP are influenced by the boundaries of its object 

of consideration. As outlined in the requirement profile (section 5.2.1), the 

DBP focuses on individual buildings and their inherent characteristics. This 

reference point affects several elements of the system. In the case of buildings 

with multiple owners, for instance, both the data element (e.g., separation be-

tween shared and unit-specific data) and the user element (e.g., differentiation 
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in data ownership and access rights) must be handled differently compared to 

buildings with a single owner. 

The requirements on system boundaries, as laid out in Table 7.2, can be visu-

alized by placing the internal elements of the information system at the center 

surrounded by external entities. 

 

Figure 7.3: Overview on system boundaries for digital building passports 

It becomes evident that all internal elements of the ISA have external counter-

parts. Clearly distinguishing between these perspectives, but also acknowledg-

ing the mutual information flows is key to specify the functionality of the sys-

tem. System boundaries for single elements will be considered, where 

appropriate, in the following sections. Special emphasis will be laid on poten-

tial job-sharing possibilities between DBPs and other BISs as part of the pro-

cess element (section 7.6).  
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7.2 Point of view: functions  

7.2.1 Derivation and assumptions 

In the literature on BISs, and specifically on DBPs, authors frequently attempt 

to define the functions that such systems should include (section 6.2.3.1). 

However, many of these proposals lack a methodological foundation and do 

not aim to provide a comprehensive overview. Often, they merely highlight a 

subset of potential functions without specifying them in detail. One significant 

reason for this lack of thorough explanation is the ambiguous use of the term 

“function”, which is variably interpreted as a goal, process, operation, task, 

requirement, and more. This inconsistency creates confusion among the ad-

dressed actors.   

To establish a subarchitecture for DBP functions, a function is interpreted as 

a process comprising one or more tasks, serving one or more goals, and ful-

filling the system's functional requirements. For instance, “data collection” 

can be considered a function that encompasses various processes, integrating 

human, data, functional, and technological perspectives. The goal of this func-

tion is to collect specific building-related data so they can be stored, shared, 

analyzed, or otherwise utilized in alignment with predefined requirements.  

Within the ISA, functions are treated as static objects to enable their definition 

and modeling independent of other views. In contrast, processes, as defined in 

the process element, integrate all system elements to represent dynamic 

changes and interactions. This distinction ensures clarity between the static 

definition of a function and the dynamic representation of processes within the 

DBP. 

To receive a better overview on the function element of the ISA, a model is 

proposed that uses a hierarchical structure. Thus, a function can be defined on 

several levels of details so that a number of subfunctions can be integrated. 

The chosen structure in combination with the interpretation of the term ‘func-

tion’ allows for a framework in DBP development and use with several char-

acteristics: 
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• Adaptable and adaptive: The model can be customized for specific prac-

tical use case scenarios by adding, redefining, removing, or (de-)activat-

ing specific functions. 

• Clear: A hierarchical structure ensures the clear allocation of functions to 

their overarching counterparts, preventing the conflation of simple func-

tions with more complex ones.  

• Flexible: The model enables several mechanisms to group functions. 

They can be grouped according to the similarity of the involved process, 

the object that is focused, or the similarity of the context in which func-

tions work together. 

• Compatible: The model serves as a solid foundation for assigning human, 

technical, data-related, and other resources to specific functions. It makes 

the question of who should perform each function and how it should be 

executed more concrete and actionable. 

• Life cycle perspective: The proposed structure is versatile and can be ap-

plied across different life cycle stages of the information system. While 

the focus is on functions within the use stage, it can be seamlessly 

adapted to the design and development stage by maintaining the same 

objects of consideration and reframing the context to address ‘develop-

ment’ instead of ‘management.’. 

7.2.2 Function model 

The hierarchical structure of functions can be visualized as a function tree 

composed of nodes and edges, where all functions can be traced back to a 

single root node (Figure 7.4). The first level of differentiation distinguishes 

between “inherent functions”, which are essential for the system's proper op-

eration, and “built-up functions”, which build on this foundation to fulfill user 

requirements. Both inherent and built-up functions represent complex bun-

dles, each comprising various subfunctions that collectively contribute to the 

system's overall functionality. In a specific application these subfunctions can 

be interpreted as modules. 
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Figure 7.4: Function tree for digital building passports based on Buchholz and Lützkendorf 

(2024, p. 9) 
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Inherent functions are fundamental to the realization of DBPs as an infor-

mation system and are critical for meeting system-related requirements, such 

as availability, controllability, maintainability, ease of use, and security (see 

section 5.6). These functions can be categorized according to the elements of 

the ISA, encompassing the management of the user, data, function, ICT, and 

process elements. Each of these categories consists of further specific function 

bundles, underscoring the complexity of representing the full spectrum of 

functions within a single framework. Based on their close correlation it was 

decided to integrate process and function management. At this stage, the func-

tion tree will not be further detailed, as relevant aspects of managing specific 

ISA elements are addressed in their respective sections. 

The built-up functions of a DBP create value for its users by addressing their 

specific information management needs. These functions are derived from the 

requirements of actors in the real estate industry, as explored in Chapter 3 of 

this thesis, and reflect a systematic translation of those requirements, as dis-

cussed in sections 5.2 and 5.3. Built-up functions are classified based on their 

roles in interacting with building-related data and enabling users to derive in-

sights or take action. 

The data interaction functions focus on enabling users to insert, exchange, 

link, and share building-related data efficiently. Data entry includes processes 

for incorporating original data, such as measurements or manually inputted 

data, and integrating secondary data, such as data imported from external sys-

tems or linked from other sources. Data linking serves to associate and connect 

related datasets, improving the system’s ability to provide a coherent view of 

building-related information. Data sharing empowers users to securely distrib-

ute data or grant access, supported by access control mechanisms that allow 

data owners to define and monitor permissions. These processes ensure that 

users maintain control over their data while facilitating collaboration and in-

formation exchange. 

Data insight functions enhance the value of a DBP by enabling users to ana-

lyze and interpret building-related data. Advanced data analytics play a crucial 

role in transforming a DBP from a passive data repository into an active deci-

sion-support tool, leveraging digitization and automation. The role of ICT in 

this context is detailed in section 7.5.3.6. The potential of data analytics 
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functions becomes particularly evident when examining use cases linked to 

specific data points, such as predictive maintenance or performance assess-

ments (section 7.2.3). Additionally, data visualization enables users to interact 

with data through filtering, aggregation, and intuitive presentation, facilitating 

decision-making and improving comprehension. 

The user enablement functions ensure that users can effectively utilize the 

DBP and maintain control over their data. Access control is central, allowing 

data owners to define and manage permissions, ensuring secure and transpar-

ent data usage. Personalization enables tailored workflows, notifications, and 

custom views that adapt to user needs. Collaboration tools support multi-actor 

interactions, offering shared workspaces and version tracking. Finally, guid-

ance and support functions, such as tutorials and adaptive prompts, help users 

navigate the system and maximize its utility. 

This classification reflects the interconnected nature of these functions, where 

data interaction serves as a foundation for data insight and user enablement. 

Together, they provide a comprehensive framework for addressing the diverse 

information management requirements of DBP users while ensuring usability, 

security, and value creation. 

7.2.3 Specification of analytical functions for 
selected use cases 

The built-up functions of a DBP are inherently versatile and reveal their full 

relevance only within specific use cases. Use cases emerge from processes 

within the system, whether triggered internally or externally, integrating vari-

ous system elements. While use case specification technically belongs to the 

process element, it is included in this section to provide a logical context for 

functions. 

Data analytics functions offer significant potential to enhance DBPs beyond 

earlier building passport developments. Since this potential remains largely 

untapped, Table 7.3 presents proposals for their application in selected use 

cases, with a focus on the use stage due to its critical role in real estate man-

agement. 
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The specified functions leverage various types of data analytics, with particu-

lar emphasis on: 

• Diagnostic analytics, e.g., performance monitoring and anomaly detec-

tion 

• Predictive analytics, e.g., service life estimations for building elements 

• Prescriptive analytics, e.g., performance optimization proposals 

In conjunction with user enablement functions, particularly personalization, 

actors can utilize data analytics based on their specific needs and preferences. 

The diversity of functions highlights the need for customization, as implemen-

tation often depends on situational goals, user requirements, and external 

framework conditions. 

Table 7.3: Overview on data analytics functions proposed for digital building passports 

Use Case Functions 

Maintenance Automated memory function for inspection and 

routine maintenance tasks 

Condition analysis of building elements with pre-

dictive estimation of remaining service life 

Modernization / reno-

vation 

Automated identification of modernization op-

tions based on building data 

Generation of renovation roadmaps (aligned with 

renovation passports) 

Performance assess-

ment & management 

Continuous monitoring with anomaly detection 

alerts 

Automated KPI calculation and sustainability 

performance assessments 

AI-driven proposals for performance optimiza-

tion measures 

Asset management Automated scenario analyses for asset strategies 

Identification of value enhancement opportunities 

Legal compliance, fi-

nancing & insurance 

Automated collection and validation of compli-

ance-related data points 

Automated generation of regulatory and risk as-

sessment documents 
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Valuation Identification of value-influencing building prop-

erties and quantification of impact 

Automated property valuation models 

Marketing Automated selection of key building attributes for 

marketing materials 

Dynamic generation of real estate brochures 

 

The practical realization of the proposed functions depends on various factors, 

particularly the availability and quality of relevant data, as well as the eco-

nomic viability of their implementation in specific use cases. However, these 

functions demonstrate the practical application of selected built-up functions 

and highlight the potential of DBPs in addressing key challenges in building-

related information management. 

7.3 Point of view: data 

7.3.1 Derivation and assumptions 

Building-related data form the backbone of DBPs, enabling essential functions 

such as data entry, sharing, and analytics. However, the effectiveness of a DBP 

depends not only on the availability of data but also on how data are structured, 

managed, and made accessible. Without a well-defined approach to data or-

ganization, a DBP risks becoming a fragmented repository rather than a func-

tional system that supports decision-making and long-term usability. 

The derivation of the data element for DBPs is particularly challenging due to 

the unique characteristics of building-related data. These include, based on the 

insights of chapter 3: 

• Multi-dimensional nature: Buildings are perceived differently depending 

on the perspective and use case, leading to diverse information categories 

and focal points. 

• Static and dynamic aspects: Buildings are long-lasting products with 

static structures but also dynamic systems characterized by inputs and 
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outputs, requiring data to account for both static and dynamic compo-

nents. 

• Modular and hierarchical structure: Buildings consist of elements and 

components, often associated with numerous properties. This leads to hi-

erarchical data abstractions in data modeling. 

• Complexity and system boundaries: Buildings are unique systems with 

multiple interfaces to their environments, requiring clear system bound-

aries to manage relationships within and across systems while minimiz-

ing redundancies. 

• Levels of aggregation: Building-related data exist at varying levels of 

granularity, from individual data points to highly aggregated datasets. 

• Ownership and variability: Building-related data are distributed across 

multiple stakeholders, stored in diverse formats and media, and vary sig-

nificantly in quality. 

These characteristics directly imply specific design requirements for the data 

element of the ISA. It must enable multi-perspective representations without 

creating redundancies, represent both static attributes and dynamic processes, 

support hierarchical as well as cross-system relationships, allow aggregation 

and disaggregation across different levels of granularity, and accommodate 

distributed ownership and heterogeneous data quality. Without addressing 

these structural implications, a DBP would risk fragmentation, inconsisten-

cies, and limited usability across life cycle stages and actors. 

To operationalize these requirements, the data element of the ISA is structured 

around two tightly connected components: a data model and an overarching 

data architecture. The data model defines the structure, relationships, and se-

mantics of building-related data, while the data architecture organizes specifi-

cations, identifiers, and metadata to ensure consistent handling, traceability, 

and interoperability. Together, they establish the structural backbone that en-

ables accessibility, quality assurance, and long-term usability across use cases. 

Within the data element of the ISA, architectural components such as metadata 

structures, identification schemes, and specification management are closely 

linked to the selected data modeling approach. As outlined in section 4.2.2, 

the data structure encompasses essential elements that enable semantic clarity 

and interoperability. While data architecture and data model can be 
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conceptually distinguished, the chosen modeling paradigm substantially influ-

ences how architectural elements are formalized and implemented in practice. 

For example, ontology-based approaches inherently support formal semantics 

and identifier management, whereas schema-based approaches require more 

explicit structural definitions. For this reason, architectural implications are 

considered in conjunction with the evaluation of data modeling approaches 

(section 7.3.3).  

The ISA defines the conceptual requirements and structural principles of the 

data element. Detailed technical implementation choices, including specific 

tools, platforms, or deployment strategies, remain application-specific and are 

therefore beyond the scope of this section. A more detailed explanation of core 

architectural components in the context of DBPs and DBLs is provided in sec-

tion F.1, based on the framework proposed by Böhms et al. (2023). 

7.3.2 Data content 

The data content of a DBP defines the functional scope of the data element 

within the ISA, as it determines which life cycle tasks can be supported and 

which actor requirements can be fulfilled. Rather than reiterating the data cat-

egories and points already discussed in the requirement profile for LC-BISs 

(section 5.4) and detailed in the associated appendices, this section highlights 

their relevance to the DBP data element.  

A DBP should encompass building-related data across various categories as 

specified in the taxonomy derived in chapter 3.3, including master data, in-

ventory data, legal and economic data, and performance data. These data cat-

egories offer a simple yet effective way to cover all relevant building-related 

data points. By including raw data, aggregated indicators, documents, and 

metadata, DBPs serve as dynamic repositories that can bridge actor needs 

across life cycle stages. Within the ISA, the taxonomy serves as a structural 

baseline for organizing data content, while remaining open to extensions 

where specific use cases require additional differentiation. 

For detailed insights into the specific data points and their classification, in-

cluding their relevance for building life cycle tasks, readers are directed to the 

requirement profile (chapter 5) and to the appendix (section B.5). These 
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provide a foundational overview, ensuring clarity on why certain data are es-

sential and how they align with the overarching goals of LC-BISs. 

7.3.3 Data modeling approaches 

A DBP could, in its simplest form, function without a formalized data model 

and act as a static repository for unstructured or semi-structured documents 

such as PDFs or spreadsheets. However, this approach has severe limitations. 

Without a data model, data representation would be inconsistent, interopera-

bility with other systems would be limited, and efficient data management 

would require considerable manual effort. These constraints render such an 

approach unsuitable for more complex use cases, such as integrating multiple 

data sources. 

Given the potential importance of a structured approach, it is worth exploring 

whether existing data modeling frameworks from subdomains and related 

BISs could address the needs of DBPs. Leveraging these frameworks could 

simplify the development process while ensuring the seamless integration and 

management of building-related data. Data modeling frameworks include: 

• Standards for building-related data exchange and sharing from initiatives 

in the real estate industry and from standardization bodies with the goal 

to establish an industry-wide data model, such as the standards from 

IBPDI, OSCRE, or RICS 

• Data models that were originally designed for a specific subdomain 

within the building life cycle, but that gradually evolved to a more com-

prehensive approach, such as the IFC data standard 

• Data models that show significant potential to meet relevant data quality 

requirements (section 5.5), such as data availability or interoperability, 

based on the implemented data modeling approach and language (e.g. 

ontology-based approaches with linked data), such as RealEstateCore’s 

ontology or the Brick schema 

• Data models specifically proposed or implemented for DBPs and DBLs, 

such as the semantic data model proposed by the EC 

A specific selection of data standards that fit into either of these categories 

was analyzed to evaluate their potential, focusing on their primary advantages 
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and disadvantages (section F.2). This analysis included four ontology-based 

standards, one dictionary-based standard, three standards utilizing data for-

mats such as JSON and XML, one IFC-based standard, and one without a spe-

cific data format. The findings indicated no standout potentials and limitations 

that were specific to only one of the models. Differences rather derived from 

the data modeling approach that was applied. Consequently, a detailed com-

parison of the different types of data modeling approaches was conducted, 

providing insights into how effectively they address the requirements for data 

content and quality in DBPs (Table 7.4). In addition to the modeling ap-

proaches analyzed, a basic scenario was added, assuming a hierarchical data 

modeling approach based on the taxonomy of building-related data needs. 

Table 7.4: Overview of different data modeling approaches for digital building passports 

Data modeling ap-

proach 

Strengths Weaknesses 

Taxonomy- / hie-

rarchy-based mo-

deling 

Provides a structured and 

easily understandable clas-

sification of data; 

Supports hierarchical rela-

tionships that reflect real-

world building structures; 

Well-suited for predefined 

and stable data categories 

Limited ability to repre-

sent complex, cross-

cutting relationships;  

Lacks semantic rich-

ness, making interoper-

ability and data integra-

tion challenging; 

Does not inherently 

support extensibility for 

evolving data needs 

Ontology-based se-

mantic modeling 

High level of semantic 

data interoperability;  

Well-suited for 

(knowledge) graphs;  

Strong basis for data ana-

lytics (e.g., AI applica-

tions);  

Independent of physical 

data modeling and storage;  

Matching different on-

tologies can be chal-

lenging;  

Broader scope may re-

sult in less detailed 

properties; 

Difficult to represent 

building geometries ef-

fectively 
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Can represent semi-struc-

tured and unstructured data 

Combination of on-

tologies and data 

dictionaries 

Standardizes terms and 

concepts;  

Leverages the strengths of 

ontology-based ap-

proaches;  

Enhances semantic clarity 

while maintaining opera-

tional focus 

Inherits weaknesses of 

ontology-based ap-

proaches;  

Requires alignment be-

tween ontologies and 

dictionaries to avoid 

conflicts 

Integration of se-

mantic and logical 

modeling through 

specific data sche-

mas/formats (e.g., 

XML, JSON) 

Combines semantic and 

logical approaches for effi-

ciency;  

Provides unambiguous for-

malization through sche-

mas and formats;  

Well-suited for structured 

data and hierarchical rela-

tionships 

Reduced interoperabil-

ity with systems using 

different schemas;  

High manual effort for 

updates or schema 

changes;  

Changes to the physical 

level can introduce in-

consistencies;  

Not suitable for un-

structured data 

Schema-based 

modeling with IFC 

Established domain stand-

ard for interoperability;  

Rich semantic modeling of 

building-related data, in-

cluding geometry and rela-

tionships;  

Broad industry adoption;  

Compatibility with BIM 

tools and workflows 

Complexity of schema 

makes implementation 

challenging;  

Limited flexibility for 

use cases beyond the 

BIM domain;  

Requires expertise to 

adapt for specific appli-

cations 

 

The general trend in data modeling for DBPs favors ontology-based ap-

proaches due to their advantages in semantic and technical interoperability. 

Ontologies represent data semantics independently of specific physical for-

mats, offering flexibility for integrating heterogeneous data sources and sup-

porting long-term, interoperable data management. This contrasts with 
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schema-based approaches like IFC, which excel in formalizing structured and 

hierarchical data but often lack the semantic richness needed for broader in-

teroperability. Ontologies play a crucial role in linked data approaches and 

semantic data models, enabling the integration of decentralized and distributed 

data sources. An example of such an approach, based on the RDF modeling 

language, is provided in section F.3. 

Ontology-based approaches show their greatest potential when combined with 

data dictionaries. Dictionaries provide standardized vocabularies that ensure 

consistency and reduce ambiguity, complementing the semantic richness of 

ontologies. Together, they create a framework capable of addressing both 

complexity and precision, making them particularly advantageous in multi-

stakeholder environments where clarity and interoperability are essential. 

Despite their promise, ontology-based approaches are still relatively new in 

the real estate domain and have not yet reached the maturity of standards like 

IFC. IFC remains a robust option, particularly for use cases requiring detailed 

representations of geometry and relationships, benefiting from industry adop-

tion and BIM tool support. However, its complexity and reliance on specific 

formats can limit accessibility for users outside traditional BIM workflows. 

For some use cases with lower requirements on scalability and semantic rich-

ness, a taxonomy-based modeling approach may be sufficient. This applies 

especially when handling data and documents that are not strictly adhering to 

the data model, as a hierarchical structure can still provide clear classification 

and organization. While it lacks the flexibility and interoperability of more 

advanced semantic approaches, its structured simplicity makes it a viable op-

tion for specific DBP applications. 

Overall, ontology-based approaches, particularly when combined with stand-

ardized data dictionaries, demonstrate strong potential to address requirements 

related to semantic clarity, interoperability, and adaptability. Their suitability 

for linked data environments and distributed data integration further strength-

ens their relevance in the DBP context. At the same time, schema-based ap-

proaches such as IFC provide robust solutions for geometry-intensive and 

BIM-centered applications, while more hierarchical structures may suffice for 

limited and well-defined use cases. The comparative analysis thus indicates 
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that the underlying modeling paradigm significantly shapes the achievable 

level of semantic richness, integration capability, and long-term flexibility 

within a DBP environment. 

7.3.4 Design implications 

The comparative assessment of data modeling approaches illustrates that no 

single paradigm fully satisfies all potential requirements of DBPs. However, 

clear implications for the data element of the ISA can be derived from the 

evaluation and from the requirement profile established in chapter 5. 

First, the ISA does not prescribe a specific data modeling standard. Instead, it 

defines structural and qualitative requirements that a chosen modeling ap-

proach must fulfill. These include semantic clarity, interoperability across het-

erogeneous systems, extensibility for evolving data needs, and the capability 

to integrate distributed data sources across life cycle stages and actors. 

Second, modeling approaches that support explicit semantics and flexible in-

tegration mechanisms are particularly well aligned with these requirements. 

Ontology-based approaches, especially when combined with standardized 

data dictionaries, offer significant advantages in multi-stakeholder environ-

ments where interoperability and long-term adaptability are essential. At the 

same time, schema-based approaches such as IFC remain highly relevant for 

use cases requiring detailed representations of building geometry and estab-

lished BIM workflows. For contexts with limited complexity and lower in-

teroperability demands, hierarchical or taxonomy-based structures may pro-

vide a sufficient and pragmatic solution. 

Third, the selection of a data modeling approach must follow the defined data 

content requirements rather than precede them. The ISA therefore positions 

the modeling paradigm as a realization decision guided by functional scope 

and quality requirements, not as a predetermined technological constraint. 

In summary, the ISA adopts a requirement-driven and model-agnostic stance: 

it establishes the structural principles that the data element must satisfy while 

leaving the concrete modeling implementation adaptable to specific 
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application contexts. This ensures both architectural consistency and flexibil-

ity for diverse DBP use cases. 

7.4 Point of view: users 

7.4.1 Derivation and assumptions 

The user element within a DBP must provide comprehensive support for the 

various actors interacting with the system. These actors, such as building own-

ers, tenants, service providers, and regulatory bodies, each possess distinct 

roles, levels of expertise, and varying preferences in how they engage with the 

system. The diversity in these roles, along with differences in expertise and 

motivations, introduces complexity in managing user access and interactions 

with the DBP. The system must be capable of handling this diversity, ensuring 

that each user can effectively navigate the DBP according to their specific 

needs and responsibilities. 

An essential assumption is that the user element must be designed to accom-

modate varying levels of control, support, automation, and visualization pref-

erences across different actors. For instance, a building owner might require 

more comprehensive control over data and functions, while a service provider 

might need automated workflows and real-time data. The system must allow 

for such differentiation while ensuring smooth integration with other system 

components. 

Additionally, the user element must support the overarching functionality of 

the system. It must contribute to the preservation of data quality and uphold 

key system-related requirements, including data security and privacy. A core 

challenge lies in balancing the need for personalized user experiences with the 

necessity of adhering to data governance standards. On one hand, the system 

must have access to certain user information to optimize functionality, such as 

enhancing personalization and supporting role-based access controls. On the 

other hand, it must limit the scope of information gathered to comply with data 

privacy laws and ensure the protection of sensitive data. 
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This interplay between user-specific needs and data governance underscores 

the importance of a robust user model. The user model must not only accom-

modate the complexity of different users and their evolving needs but also 

ensure that data access and management are done in a secure, compliant, and 

efficient manner. Such a model serves as the foundation for IAM, ensuring 

appropriate permissions and access rights for all actors involved. 

In addition, a data ownership model is needed to regulate how users manage 

and control data within the DBP. While the user model defines access and 

permissions, the data ownership model establishes ownership structures, del-

egated rights, and data-sharing rules. As it involves both user-specific rights 

and data governance, it spans both the user and data view. 

7.4.2 User model 

A structured user model is essential for managing interactions within a DBP. 

Since an actor’s perspective and tasks influence their information needs and 

system interactions, the model must incorporate these aspects along with the 

organizational context in which users operate. This ensures that different ac-

tors, such as building owners, service providers, and regulatory bodies, can 

effectively engage with the system according to their roles and responsibili-

ties. 

To address this, the following attributes are integrated into a proposal for a 

user model: 

• Personal information (e.g., name, birth date) for authentication, identifi-

cation, and user profile management 

• Preferences and functional requirements that indicate which system func-

tions a user needs access to 

• Documentation of user actions to ensure accountability, traceability, and 

non-repudiation of data 

• Assigned roles that determine both access rights and responsibilities 

within the system 

The model, represented in Figure 7.5, takes a conceptual and scalable ap-

proach that allows for adaptations according to specific implementation 
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scenarios. Instead of prescribing a rigid structure, it establishes a flexible foun-

dation that can be expanded as system requirements evolve. 

 

Figure 7.5: User model for digital building passports based on Buchholz and Lützkendorf 

(2024, p. 7) 

A distinction is made between individual user models and reference user mod-

els. The individual user model represents a specific system user by integrating 

personal attributes, preferences, and assigned roles. These profiles enable per-

sonalized system interactions, improving usability and access management. In 

contrast, a reference user model serves as a general template for defining user 

categories (e.g., building owners, facility managers, service providers). This 

structure facilitates scalability by organizing access rights based on predefined 

roles while still allowing customization for specific cases. 

A further differentiation is required between industry roles (e.g., facility man-

ager, tenant, service provider) and system roles (e.g., administrator, read-only 

user). These roles must remain distinct, as an actor’s professional function 

does not directly determine system access rights. The model must support flex-

ible assignment of system roles while ensuring that access rights align with 

governance requirements. 
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To maintain data integrity and security, the model incorporates user action 

tracking, ensuring that essential system interactions (e.g., data modifications, 

approvals, or access requests) are logged for accountability. This tracking en-

ables: 

• Traceability of changes, allowing system administrators to monitor secu-

rity-critical actions. 

• Non-repudiation, ensuring that actions performed within the system are 

verifiable. 

• Compliance with legal and governance requirements, ensuring an audita-

ble history of user interactions. 

Tracking is limited to necessary functions and must align with data protection 

regulations, ensuring transparency, controlled access, and appropriate safe-

guards for user privacy. 

Finally, while the user model is primarily concerned with the management of 

individual users, the connections to system functions, data, and ICT elements, 

which are crucial for supporting user interactions, belong within the process 

element of the ISA. Therefore, the user model focuses on the internal repre-

sentation of users, their profiles, and responsibilities, leaving the broader con-

nections to the system’s other elements to be managed by the process element. 

The structure of the user model is conceptual and flexible. It provides a frame-

work for defining individual user profiles and roles, while leaving room for 

future adaptations and extensions. 

7.4.3 Identity and access management 

The user model defined in the previous section provides the foundation for an 

IAM strategy by structuring roles, responsibilities, and user attributes within 

a DBP. IAM operationalizes this model by specifying access policies that reg-

ulate how actors interact with system functions and data. A structured ap-

proach to IAM ensures that users can only access the functions and data rele-

vant to their role, balancing security with usability. 

A Role-Based Access Control (RBAC) model serves as a foundational ap-

proach, assigning users to predefined roles based on attributes from the user 
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model. This simplifies access management by ensuring that permissions are 

role-driven rather than individually assigned. Initially, static role assignments 

are preferable for managing access control efficiently. However, as system 

complexity increases, dynamic access controls can be introduced to accom-

modate evolving requirements. 

A key consideration is that actors in the real estate industry often take on mul-

tiple roles across different DBPs (Table 7.5). For example, a building owner 

may be both a data owner and a user of a DBP, especially in cases where they 

self-occupy or manage multiple properties. Additionally, building owners may 

act as administrators of their own DBP system or request access to external 

DBPs where they do not hold ownership rights. These variations highlight the 

need for a flexible user model that can accommodate multiple role assign-

ments. 

Table 7.5: Roles in developing and using digital building passports compared to roles in the 

real estate industry 

Role in the DBP Role in the real world (real estate industry) 

Developer Software developer, large real estate companies 

Data owner Building owner, tenant, public authority, third-

party data provider 

Administrator (IT) service provider, building owner 

Contractor / steward  

(information manager) 

Service provider, building owner 

User Building owner, stakeholders of the real estate 

industry 

 

RBAC assigns data access permissions based on role categories, ensuring that 

different levels of data sensitivity are protected. Access rights can be distin-

guished between data insight (read access) and data interaction (edit access) 

(section 7.2.2). Since data ownership plays a critical role in IAM, data owners 

must retain control over their data, including the ability to define access and 

usage permissions for others. 
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Table 7.6: Access rights for roles in a digital building passport 

 Data insight Data interaction 

 Private 

data 

Shared 

data 

Public 

data 

Restricted 

data 

Shared 

data 

Public 

data 

Data owner 

/ provider 
x x x x x x 

Data user / 

consumer 
 (x) x    

Data stew-

ard 
(x) (x) x (x) (x) x 

x: full access, (x): conditional access, blank: no access 

While RBAC provides structured access control, it may be insufficient in sce-

narios where more granular, context-aware permissions are required. A hybrid 

approach that integrates Attribute-Based Access Control (ABAC) can provide 

additional flexibility. In ABAC, access is determined based on user attributes, 

system objects, and contextual conditions rather than just predefined roles. 

This approach is particularly beneficial in dynamic use cases, such as: 

• Temporary project-based access: A contractor may be granted access to 

maintenance records only for the duration of a refurbishment project, af-

ter which access is automatically revoked. 

• Life cycle-based access control: A regulatory body might be given access 

to compliance documentation only during the construction phase, but not 

during the operational phase. 

As the number of subjects (users), objects (functions), and environmental 

states (contextual conditions) increases within a DBP, ABAC becomes more 

favorable due to its ability to manage complex access control requirements. In 

this model, subjects refer to users, objects refer to system functions, and envi-

ronmental states refer to external factors influencing access (section F.4). 

Beyond RBAC and ABAC, Discretionary Access Control (DAC) can further 

refine access management by allowing data owners to make context-specific 

decisions about data sharing. DAC is particularly useful in collaborative sce-

narios, where access permissions are not preconfigured but instead granted on 

a case-by-case basis. For example: 
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• A building owner grants access to certain energy data only for a specific 

tenant. 

• A facility manager shares maintenance logs with a service provider for a 

limited period. 

• A public authority is granted temporary access to fire safety documenta-

tion during an inspection but loses access once the process is complete. 

The choice of an IAM strategy depends on the context and complexity of the 

DBP implementation. For DBPs in large buildings or portfolios where multi-

ple actors interact with different levels of permissions, ABAC can provide the 

necessary flexibility and precision. However, in simpler use cases, such as a 

single-owner DBP with limited external interactions, RBAC may be suffi-

cient. In any case, RBAC should serve as the foundation due to its intuitive-

ness for most actors and ease of implementation. By integrating RBAC, 

ABAC, and DAC, the IAM strategy ensures efficient access management 

while balancing usability, security, and flexibility. 

7.4.4 Data ownership management 

The proposed data ownership strategy for DBPs builds on a decentralized 

ownership model, recognizing that data are generated, used, and reused by 

various actors across the building life cycle (section 4.6.2). Rather than as-

signing exclusive control to a single entity, this approach ensures that actors 

retain sovereignty over the data they contribute, while also enabling delegated 

control, co-ownership, and structured sharing. This reflects the complexity of 

ownership in real-world BISs, where overlapping claims, fragmented systems, 

and dynamic project roles require flexible yet robust governance mechanisms. 

While legal ownership of data is not always clearly defined, the right to control 

and manage data is crucial for ensuring transparency, security, and usability 

in a multi-actor environment. To support this, DBPs must provide mechanisms 

to: 

• Define who can access, manage, and modify data, regardless of legal am-

biguities; 

• Support collaboration by clearly regulating shared control and co-owner-

ship; 
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• Ensure accountability through contractual agreements that clarify re-

sponsibilities and delegation rules. 

To implement this strategy, the following principles apply: 

• Full control by data owners: Data contributors maintain the ability to de-

fine access, delegate control, and manage usage permissions; 

• Delegation of data control: Data owners may authorize stewards (e.g., 

contractors, facility managers) to manage data on their behalf, without 

relinquishing ultimate control; 

• Co-ownership and shared control: When multiple actors contribute to a 

dataset, agreements must specify roles, responsibilities, and access 

rights; 

• Ownership transfer considerations: When data responsibility shifts, for 

example, during a building sale or transition from construction to opera-

tion, DBPs must support seamless handovers by allowing ownership and 

control rights to be reassigned in a transparent and traceable way. 

The decentralized approach enables autonomy for each data owner while pre-

serving accountability and governance. It fosters data sharing without central-

izing control, which is essential in fragmented and collaborative environments 

such as real estate projects. To operationalize this model, IAM, metadata 

tracking, and formal agreements play key roles. Where multiple actors con-

tribute to a dataset, federated structures or delegated stewardship help ensure 

that shared control remains transparent and manageable. 

7.5 Point of view: technology 

7.5.1 Derivation and assumptions 

The technological perspective within the ISA conceptualizes ICT as the ena-

bling infrastructure that operationalizes the functions defined in the preceding 

system elements. ICT constitutes the non-human component of DBPs and pro-

vides the technical means through which data are collected, processed, stored, 

secured, and exchanged across the building life cycle. Technology is therefore 
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not an independent design driver but an instrumental layer derived from func-

tional and structural system requirements. 

The identification of relevant ICT components follows from the function bun-

dles defined in section 7.2, particularly those related to data management, in-

teroperability, automation, and governance. In this context, a distinction can 

be made between core technologies, which ensure basic system operability, 

and additional technologies, which extend capabilities through automation, 

advanced analytics, or enhanced interoperability. 

System requirements such as availability, scalability, efficiency, configurabil-

ity, and security constrain and guide technological selection. For example, 

availability may require distributed and fault-tolerant infrastructures; scalabil-

ity may favor modular architectures; efficiency may justify automation and 

AI-supported processing; and interoperability may necessitate standardized 

interfaces and semantic models. The technological layer thus reflects the op-

erational translation of the requirement profile rather than an independent 

technological agenda. 

The technologies discussed in this section are conceptual options derived from 

current technical potentials and system requirements. Their inclusion does not 

imply a prescriptive implementation path. Technological neutrality remains 

essential to preserve interoperability, long-term adaptability, and vendor inde-

pendence. Accordingly, technology selection must remain requirement-

driven: ICT serves the functional objectives of DBPs, not vice versa. 

7.5.2 Core technologies 

7.5.2.1 Information infrastructure 

The feasibility of DBPs depends on the availability of basic information infra-

structure. Although such infrastructure is often taken for granted in highly in-

dustrialized contexts, it constitutes a fundamental boundary condition for im-

plementation in a global perspective. 

At minimum, DBPs require reliable electricity supply, stable telecommunica-

tion networks, and internet connectivity to enable digital data storage, ex-

change, and multi-actor access. Without these prerequisites, core system 
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functions, such as structured data management and distributed accessibility, 

cannot be ensured. 

In addition to critical infrastructure, access to adequate hardware, including 

computers and mobile devices, is necessary for system interaction and data 

input. Depending on the scope of implementation, further technical equipment 

may support data acquisition, but this is not a prerequisite for basic DBP op-

erability. 

Infrastructure availability should therefore be considered an external enabling 

condition when assessing the feasibility and scalability of DBPs across differ-

ent regional and economic contexts. 

7.5.2.2 Cloud architecture 

The proposed three-layer architecture, comprising presentation, application, 

and data management layers, provides the structural foundation for DBP im-

plementation. Its relevance lies not in the architectural model itself, which is 

well established in software engineering, but in its suitability for supporting 

modularity, scalability, and separation of responsibilities within a multi-actor 

data environment. 

Separation of concerns is particularly important for DBPs, as user interaction, 

functional logic, and data persistence must remain independently adaptable.  

• The presentation layer enables user access across devices and actor 

groups without affecting underlying system logic.  

• The application layer operationalizes DBP functions through modular 

components, allowing functional extensions without structural redesign.  

• The data management layer ensures structured storage and controlled ac-

cess to building-related information, translating conceptual and semantic 

models into logical and physical database structures. 

Cloud-based deployment strengthens this architecture by enabling distributed 

accessibility, elastic resource allocation, and reduced dependency on local in-

frastructure. For DBPs, which are designed to support decentralized data own-

ership and cross-organizational interaction, cloud infrastructure provides the 
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flexibility necessary to accommodate heterogeneous users and evolving func-

tional requirements. 

Low-code or cloud development platforms may facilitate implementation by 

reducing development complexity; however, their use remains optional and 

must align with long-term interoperability and maintainability considerations. 

7.5.2.3 Data security technology 

Data security is a critical element of DBP architecture, ensuring that sensitive 

building-related data are protected against unauthorized access, tampering, 

and loss. Given the variety of data types handled by DBPs, including personal, 

technical, and financial information, robust security measures are essential for 

maintaining the integrity, confidentiality, and availability of these data. 

DBPs serve as repositories and management tools for comprehensive building 

data, often involving multiple actors across the building life cycle, such as 

owners, facility managers, contractors, and regulators. Therefore, ensuring 

that data are secure from external threats and internal mishandling is para-

mount to the trust and usability of the system. To achieve this, the proposed 

security technologies are integrated at multiple levels of the DBP architecture, 

ensuring that security is embedded throughout the system rather than treated 

as an afterthought. 

The following security measures are crucial for DBPs: 

• Access control: DBPs must implement robust access control mechanisms 

to regulate who can interact with different data types and system func-

tions. RBAC/ABAC models should be employed to grant access based 

on the user's role or specific attributes (section ). This ensures that only 

authorized users can access or modify sensitive data, aligning with DBPs’ 

goal of empowering different actors with controlled access while protect-

ing critical information. 

• Data encryption: Encryption should be employed both for data at rest 

(stored data) and data in transit (data being transferred between layers or 

to external systems). This ensures that even if data are intercepted or ac-

cessed by unauthorized parties, they remain unreadable. Given the 
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sensitive nature of selected building-related data, encryption is funda-

mental for protecting this information during both storage and communi-

cation. 

• Secure development practices: Security vulnerabilities can arise from the 

development process itself. Therefore, secure coding practices must be 

followed to mitigate risks from common exploits. Adopting secure de-

velopment frameworks and regular security audits during the develop-

ment phase of DBPs ensures that the system is resilient against common 

threats, particularly those targeting web applications. 

• Data backup and recovery: A reliable backup strategy is essential for data 

integrity. For DBPs, data backups must be created regularly to prevent 

loss in the event of system failure, accidental deletion, or data corruption. 

Moreover, backups should be geographically distributed to mitigate risks 

from localized disasters, ensuring that building-related data can be re-

stored quickly without compromising security or accessibility. One ad-

vanced option is provided by blockchain technology, which can create 

immutable data logs and ensure traceability (section ). 

• Audit and monitoring: Continuous monitoring of system activities and 

regular audits are necessary to detect potential breaches, unauthorized 

access attempts, or anomalies. By logging access attempts and changes 

to critical data, DBPs can maintain an audit trail that not only supports 

operational transparency but also provides a crucial layer of security. 

This is particularly relevant for DBPs, as different actors will be interact-

ing with the system and data at various stages of the building life cycle. 

The proposed data security measures are crucial for ensuring that DBPs main-

tain trustworthiness, integrity, and availability while effectively managing 

complex building-related data across all layers of the system. 

Data security constitutes a foundational requirement of DBP architecture, as 

the system manages sensitive technical, financial, and potentially personal in-

formation across multiple actors and life-cycle stages. Security must therefore 

be embedded across all architectural layers rather than treated as an isolated 

technical add-on. 
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The following mechanisms are essential: 

• Access control: RBAC/ABAC models regulate permissions according to 

actor responsibilities (section 7.4.3). This ensures controlled interaction 

with data while supporting differentiated stakeholder involvement. 

• Encryption: Data must be protected both at rest and in transit to safeguard 

confidentiality during storage and exchange. 

• Secure development practices: Implementation must follow secure cod-

ing standards and include regular vulnerability assessments to mitigate 

risks typical of web-based and distributed systems. 

• Backup and recovery: Regular and geographically distributed backups 

are necessary to preserve data integrity and system continuity. Immutable 

logging mechanisms, potentially supported by blockchain technologies 

(section 7.5.3.3), may enhance traceability for critical records. 

• Audit and monitoring: Continuous logging and anomaly detection mech-

anisms are required to ensure transparency, detect unauthorized activi-

ties, and maintain accountability across actors. 

These measures collectively ensure that DBPs meet fundamental requirements 

of integrity, confidentiality, availability, and traceability, thereby reinforcing 

system trustworthiness in a decentralized and collaborative environment. 

7.5.3 Additional support and automation 

DBPs offer numerous opportunities to integrate additional technologies that, 

while not essential for core system functions, significantly enhance the overall 

system functionality. These technologies can automate manual processes, re-

duce user workload, improve efficiency, and enable new possibilities for in-

formation management. Notably, automation is valuable for addressing up-

stream and downstream processes, such as data collection and analytics. While 

these technologies are not inherently part of DBPs, they can play a crucial role 

when applied at the right stages throughout the building life cycle. 

7.5.3.1 Microservices 

Microservices provide an architectural approach that supports functional mod-

ularization within DBPs. By decomposing system functionality into 
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independently deployable services, DBP components can evolve incremen-

tally without requiring structural redesign of the overall system. 

This approach is particularly relevant where DBPs must accommodate heter-

ogeneous use cases, actor groups, and regulatory contexts. Individual services, 

for example, analytics modules or automated assessment functions, can be ex-

tended, replaced, or scaled independently, enabling adaptive system develop-

ment while preserving architectural stability. 

Containerization technologies further enhance this modular structure by ab-

stracting services from underlying infrastructure. This facilitates deployment 

across different cloud environments and supports elastic scaling in response 

to varying usage demands. However, the adoption of microservices should be 

proportionate to system complexity, as smaller or highly centralized DBP im-

plementations may not require this level of architectural granularity. 

7.5.3.2 Linked data and semantic web technology 

As already laid out in the data element, linked data can play a crucial role in 

improving data interoperability within DBPs. Linked data can be integrated 

with semantic web technologies, but this integration is not strictly necessary 

for all implementations. While semantic web technologies, including the use 

of RDF for data modeling, provide a robust framework for defining relation-

ships between data points, linked data can also function independently, allow-

ing for simpler data connections when a more lightweight approach is suffi-

cient. 

When implemented together, linked data and semantic web technologies ena-

ble ontology-based semantic modeling, which structures data and their rela-

tionships in a way that enhances data accessibility and query capabilities 

across different systems. This integration supports more meaningful and flex-

ible interactions with diverse data sources. 

The use of linked data should be considered for DBPs designed to support 

multiple actors and complex data integrations, especially when external sys-

tems or platforms need to be connected. In this context, linked data can also 

serve as a key enabler of decentralized data storage and management, support-

ing the decentralized data ownership model proposed for DBPs. By allowing 
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data to remain under the control of its respective owners while still being que-

ryable and linkable across systems, linked data helps maintain data sover-

eignty without sacrificing interoperability. 

If the DBP remains a closed system with limited interaction, the added com-

plexity of linked data and semantic web technologies may not be necessary. 

However, for DBPs aiming for broad collaboration or future interoperability, 

these technologies offer significant long-term benefits. 

7.5.3.3 Blockchain technology 

Blockchain technology offers a promising method for enhancing data integrity 

and traceability within DBPs. By providing an immutable ledger, blockchain 

ensures that critical data, such as transaction history, ownership records, or 

maintenance logs, remain tamper-proof and verifiable. This is particularly val-

uable for DBPs, where transparency, data authenticity, and security are essen-

tial. 

In terms of integration into the DBP architecture, a blockchain would likely 

be integrated into the physical data layer. It would serve as an additional layer 

for storing and verifying key data, ensuring that once data are recorded, it can-

not be altered without traceability. Blockchain can complement traditional 

data storage solutions, such as relational or graph databases, by offering an 

immutable, decentralized record for particularly sensitive information. This 

would make the system more secure by preventing unauthorized modifications 

while maintaining a transparent and auditable data trail. 

While blockchain adds significant security benefits, its integration should be 

targeted to areas where data integrity is of paramount importance, such as 

transaction logs or historical data, rather than across the entire system. By fo-

cusing its use in specific parts of the DBP data architecture, blockchain can 

provide value without unnecessarily complicating the overall system. 

7.5.3.4 Application programming interfaces 

APIs are essential for data integration and interoperability within DBPs. They 

enable communication between DBPs and external systems, such as other 

BISs, including BAMSs and virtual building models, for example. APIs allow 
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for structured, standardized data exchange, making it easier for DBPs to access 

external data sources and integrate with third-party systems. 

Implementing APIs requires clear definitions for data formats, secure access 

protocols, and ongoing system management. While it requires initial effort to 

develop and maintain, APIs offer significant benefits in terms of scalability, 

flexibility, and easier integration with a broad range of external systems. APIs 

also facilitate modularity, enabling DBPs to expand their functionality over 

time without overhauling the core system. 

In comparison to linked data, APIs provide a more direct and structured ap-

proach to data exchange, where specific endpoints allow for precise interac-

tions between systems. Linked data, on the other hand, enables dynamic, con-

text-driven connections between data across systems. Both technologies 

support integration with external systems, but APIs are ideal for well-defined, 

structured exchanges, while linked data excels in linking heterogeneous data 

sources in a more flexible manner. 

7.5.3.5 Artificial intelligence for data collection 

AI technologies may support the integration of legacy, unstructured, or heter-

ogeneous building-related data into DBPs. In particular, machine learning and 

computer vision techniques can automate the extraction, classification, and 

transformation of information from scanned documents, plans, or other non-

structured sources. This reduces manual processing effort when incorporating 

historical or externally generated data into the system. 

While primary data acquisition methods such as laser scanning or surveying 

lie outside the functional scope of DBPs, AI can facilitate the preprocessing 

and structuring of such data once available. In this sense, AI acts as an ena-

bling layer that supports the translation of externally generated datasets into 

DBP-compatible formats. 

For sensor-based data originating from building automation or monitoring sys-

tems, AI may assist in filtering, structuring, and validating incoming data 

streams before integration. The relevance of AI for data collection therefore 

depends on the heterogeneity and quality of existing data sources. Its use 
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should be proportionate to the complexity of integration tasks rather than 

treated as a universal requirement. 

7.5.3.6 Artificial intelligence for data analytics 

AI-driven data analytics enhances the efficiency and automation of DBPs by 

enabling advanced data processing, pattern recognition, and decision support. 

Given the large volume and complexity of building-related data, AI can sup-

port automated insights and process optimization in various DBP functions: 

• AI should be used to automate data-driven processes that require real-

time analysis, such as anomaly detection, predictive maintenance, and 

performance optimization. 

• AI should complement structured analytics functions (as outlined in sec-

tion 7.2.3), ensuring that results remain interpretable and actionable for 

DBP users. 

• The integration of AI should be tailored to data availability and business 

needs, allowing for scalable implementation depending on system com-

plexity and user requirements. 

To effectively incorporate AI, DBPs require a robust data management and 

computational framework that supports AI processing. AI integration can be 

facilitated through: 

• Cloud-based analytics services for scalable data processing and machine 

learning model deployment. 

• Edge computing for localized, real-time analytics where immediate re-

sponses are required (e.g., automated building control). 

• Data structuring techniques to ensure AI can efficiently extract meaning-

ful insights from heterogeneous building-related datasets. 

By strategically integrating AI within DBPs, data analytics capabilities can be 

expanded without increasing complexity for users, ensuring reliable, auto-

mated insights that enhance decision-making and operational efficiency. 
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7.5.4 Summary and technology combinations  

The effectiveness of DBPs does not derive from individual technologies in 

isolation, but from their structured integration within a coherent architectural 

framework. Core technologies establish the operational foundation required 

for data storage, access, and security, while additional technologies selectively 

extend interoperability, automation, and analytical capabilities. 

The combination of technologies must remain guided by functional require-

ments and system objectives. Different implementation contexts may justify 

different configurations, depending on factors such as system openness, actor 

diversity, data complexity, and governance structures. Consequently, DBP ar-

chitectures should be conceived as modular and scalable arrangements of tech-

nological components rather than as fixed technical solutions. 

Figure 7.6 synthesizes the relevant ICT components within the proposed three-

layer architecture. It illustrates how core and additional technologies can be 

positioned relative to presentation, application, and data management layers, 

thereby enabling structured yet adaptable implementation strategies. 

 

Figure 7.6: Overview on relevant technologies for digital building passports 
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7.6 Point of view: processes 

7.6.1 Derivation and assumptions 

The process element constitutes the integrative core of the ISA, dynamically 

linking the otherwise static elements of function, user, data, and technology 

within a coherent operational framework. Unlike these structural perspectives, 

the process view introduces the temporal dimension, enabling the controlled 

flow of resources, primarily information, across system elements and between 

the system and its environment. Through this dynamic orchestration, DBPs 

operate as adaptive and context-sensitive information systems. Three catego-

ries of flows characterize the process element: 

• Information flows between ISA elements: Bidirectional flows connect 

users, data, functions, and technology within structured workflows. Pro-

cesses not only operationalize these elements but also enable their con-

tinuous adjustment. In this way, changes in one element can propagate 

through the system via defined process logic. 

• Internal flows organize procedural steps into a recurring life cycle of in-

itialization, execution, and finalization. Initialization is triggered by de-

fined internal events, such as user interaction or system status checks. 

During execution, functions are performed using available resources. Fi-

nalization concludes the specific process instance and resets the process 

logic for subsequent cycles. While static elements may be modified, the 

process structure itself remains cyclical and reversible. 

• Flows between the DBP and its external environment: External flows 

regulate exchanges between the DBP and other information systems. 

These include the import and export of structured data, synchronization 

processes, and service-based interactions. Unlike user-triggered activi-

ties, these exchanges occur across defined system boundaries and require 

interface governance, semantic alignment, and technical interoperability 

mechanisms. 

Taken together, these flow structures imply two fundamental architectural im-

plications. First, the process element must ensure seamless internal integration 

by coordinating users, data, functions, and technology within coherent and 
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consistently defined workflows. Second, it must regulate controlled external 

interaction by managing exchanges with other BISs across clearly defined sys-

tem boundaries. Only through this dual coordination can the DBP operate as 

a coherent, scalable, and interoperable life-cycle-oriented information system. 

7.6.2 Internal information flows 

The ISA elements have so far been conceptualized as structurally distinct in 

order to reduce system complexity. The process view now reconnects these 

elements by specifying how they interact within operational workflows. Ra-

ther than treating the system as a set of isolated components, the focus shifts 

to their interdependencies and coordinated execution. 

A structured way to approach this integration is to analyze binary relationships 

between two elements at a time before considering more complex multi-ele-

ment interactions. Table 7.7 outlines central relations between ISA elements 

that require specification in the context of DBPs. 
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Table 7.7: Binary relations between elements of the information system architecture for dig-

ital building passports based on Buchholz and Lützkendorf (2024, p. 12) 

Elements Function Data Technology 

User 

Specification of 

rules for the cho-

sen access policy 

Requires infor-

mation on re-

quirements and 

occasions of BP 

use 

Complex many-

to-many relation 

on an abstract 

level that needs 

to be specified 

on a more de-

tailed level 

Specification of 

technology for 

user manage-

ment 

Function  

Complex many-

to-many relation 

on an abstract 

level that needs 

to be specified 

on a more de-

tailed level 

Specification of 

technologies 

needed/benefi-

cial for functions 

Data   

Specification of 

technology for 

data architecture 

 

These binary relations form the foundation for more comprehensive work-

flows. For example, a user invoking a specific function may trigger data re-

trieval, processing through defined technologies, and the generation of struc-

tured outputs. Such interactions are not linear but interdependent, as changes 

in one element may affect others. The process element provides the coordinat-

ing logic that sequences these interactions and ensures consistency across sys-

tem components. 

As workflows become more differentiated, explicit process specification be-

comes necessary. A formalized process model enables consistent structuring 

of interactions, clarifies the contribution of individual ISA elements, and sup-

ports maintainability as the DBP evolves. The modeling approach used for this 

purpose is introduced in section 7.6.4. 
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7.6.3 Job-sharing possibilities for building 
information systems 

To identify relevant information flows between DBPs and other BISs, clear 

system boundaries and functional distinctions must be established. Building 

on the neutral comparison developed in chapter 6, DBPs are positioned as LC-

BISs with a defined scope of data, functions, users, and technologies. With the 

specification of the ISA, this positioning can now be operationalized in terms 

of interaction patterns. 

Based on functional clustering, typical relations between DBPs and other BISs 

can be structured into four job-sharing approaches: 

• Full integration: The DBP absorbs the functions and data of another BIS. 

• Data integration: Building-related data are exchanged, shared, or linked 

across systems. 

• Data provision: The DBP supplies structured building data to another 

BIS. 

• Function provision: The DBP provides additional services, such as data 

quality management, analytics, or document generation. 

The relations derived from this classification are summarized in Table 7.8. 
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Table 7.8: Differences between digital building passports and other building information 

systems including options for job-sharing 

Type of BISs Differences in infor-

mation system elements 

Options for job-

sharing 

  

F
u
ll

 i
n
te

g
ra

ti
o
n
 

D
at

a 
in

te
g
ra

ti
o
n
 

D
at

a 
p
ro

v
is

io
n
 

F
u
n
ct

io
n
 p

ro
v
is

io
n
 

Other passports, i.e. 

material, renovation, 

product passports 

Similar tools with more 

specific data scope 

(x) x (x)  

Virtual building 

model applications 

Similarities in data scope 

and function, differences 

in technology and user 

groups 

 x (x)  

(Corporate) real es-

tate management 

systems  

Functions more task-ori-

ented, more narrow data 

scope 

 (x) x x 

Tools with data col-

lection functions, e.g. 

BAMSs 

Slightly different func-

tions and users, different 

technologies and data 

scope 

 x   

Task-specific tools 

with data needs, such 

as building registers 

Overall different tools, but 

overlaps in data scope 

  x  

(Sustainability) as-

sessment tools 

Different functions, but 

similarities in data scope 

(x) x x x 

 

The appropriate job-sharing configuration depends not only on functional 

overlap but also on temporal positioning within the building life cycle. Infor-

mation flows may therefore change direction over time. For example, real es-

tate management systems may initially provide historical building data for 



7  Proposal of digital building passports as life cycle building information systems 

294 

DBP setup. Once established as a structured repository, the DBP may become 

the primary source of validated information for downstream systems. 

This dynamic illustrates the potential of DBPs to function as a central interface 

within a modular BIS ecosystem. Vertically, DBPs aggregate data from col-

lection-oriented systems such as BAMSs and provide structured outputs to 

higher-level management tools. Horizontally, they may interconnect with sys-

tems that operate on similar data domains but emphasize different functions. 

Virtual building models, including BIM-based applications and digital twins, 

represent a relevant horizontal counterpart. These systems offer advanced ge-

ometric visualization and computational capabilities but typically require spe-

cialized expertise and higher implementation effort. DBPs, in contrast, are de-

signed for broader user groups and structured information accessibility. 

Interconnection through shared data models or APIs is therefore particularly 

relevant when both system types coexist. Under suitable user and governance 

conditions, deeper integration may be feasible. 

Topical passport schemes, such as material or renovation passports, exhibit 

substantial data overlap with DBPs. In such cases, full integration may reduce 

administrative complexity and prevent redundant system operation. Where 

full consolidation is not feasible, at least interoperable data exchange should 

be ensured. 

Figure 7.7 illustrates the positioning of DBPs within the BIS landscape and 

highlights potential vertical and horizontal integration pathways. 
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Figure 7.7: Ecosystem of building information systems including mutual interactions with 

digital building passports based on Buchholz and Lützkendorf (2024, p. 5) 
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7.6.4 A process modeling approach 

The integration of the process element into workflows raises the question of 

how it dynamically interacts with other ISA elements. This section demon-

strates how process modeling can be utilized to specify the process element 

effectively. A well-defined process model offers significant benefits, includ-

ing: 

• Standardization: Establishes consistent methods for using a DBP, critical 

for system administration and maintenance. 

• User guidance: Facilitates intuitive interface design, allowing even non-

expert users to navigate the system effectively. 

• Function clarification: Distinguishes between automated system tasks 

and those requiring user intervention, ensuring clarity in operational 

workflows. 

• Use case alignment: Addresses the information management needs of di-

verse actors by grounding processes in typical DBP use cases. 

• Flexibility: Allows room for adaptation and customization, ensuring the 

DBP evolves alongside user requirements and technological advance-

ments. 

These advantages underscore the importance of process modeling in structur-

ing dynamic workflows and integrating ISA elements. 

To fully define these processes, it is crucial to specify how the system responds 

to user commands and manages interactions and workflows. This involves 

identifying and structuring the relationships between process components. A 

process modeling language is necessary to achieve this level of specification, 

and BPMN has been selected as a suitable framework for this purpose (section 

2.3.3). While BPMN is traditionally used to model detailed business pro-

cesses, its flexibility also makes it well-suited for modeling information man-

agement processes within a DBP. Not all BPMN capabilities are required for 

this application, but certain essential elements and their notations are particu-

larly relevant. 

At the core of BPMN models are activities, with the most basic form being a 

'task.' Tasks represent functions as defined in the ISA and can be specified 
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through activity markers, which indicate their execution behavior, and icons 

that identify task types (e.g. user tasks). For DBPs, most interactions occur 

between users and the system, making BPMN’s more complex options for 

modeling user-to-user interactions less relevant. Data elements can be attached 

as artifacts to represent inputs, outputs, or data stores, helping to contextualize 

the functions and processes within the DBP.  

ICT elements are not explicitly represented in BPMN but can be included in-

directly by naming activities appropriately or adding annotations to specify 

their roles. Beyond the static elements of a DBP, additional process sub-ele-

ments are necessary to achieve a holistic process view. Events are used to in-

dicate the start, intermediate interventions, or end of a process, while sequence 

flows, message flows, and associations connect the elements. Gateways func-

tion as logical operators to manage decision points within the workflow, en-

suring the model captures the system’s dynamic behavior accurately. 

Table 7.9 provides an overview of how DBP elements are represented in 

BPMN: 

Table 7.9: Representation of elements of a digital building passport in BPMN 

DBP element Representation in BPMN 

Functions Activities, such as tasks, that can be specified through ac-

tivity markers and icons for task types 

Users Specification of activities as user tasks; possibility to 

model user interactions through conversation, choreogra-

phy, collaboration, or swimlane representations 

Data Simple data objects and more specified data objects, such 

as inputs, outputs, and data stores 

ICT Implicit consideration along with the definition of tasks; 

further specification through naming conventions and ad-

ditional annotations possible 

Process subele-

ment: events 

Explicit modeling of events that function as start, inter-

mediate, or end of activities 

Process subele-

ment: relation-

ships 

Different types of flows, such as sequence flows, mes-

sage flows, and associations 
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Process subele-

ment: rules, 

policies 

Gateways function as logical operators for connecting 

objects 

 

The respective notations for these BPMN elements can be found on the web-

site of the Conferences on Business Process Management (Decker et al., 

2010). By using BPMN, the clarity of the process element’s role in integrating 

the ISA’s static components into dynamic and functional workflows is en-

hanced. Camunda (2025) was used as a free BPMN modeling tool. 

7.6.5 Holistic model view 

This section aims to provide a conceptual understanding of how a DBP oper-

ates by presenting a process model that illustrates its key workflows. The pro-

cess model serves as a framework for visualizing the integration of ISA ele-

ments into dynamic, user-driven interactions. By structuring the model at an 

abstract level, it highlights the core stages and relationships necessary for a 

DBP to function effectively, while avoiding excessive complexity. 

The proposed model is divided into two primary stages (Figure 7.8). The first 

stage focuses on the initialization of the DBP, including user authentication 

and system updates to ensure readiness. The second stage centers on the exe-

cution of built-up functions, emphasizing user interaction and decision-mak-

ing. Together, these stages provide a comprehensive yet simplified represen-

tation of how a DBP facilitates its various functions and processes. 

The process begins when a user initiates the DBP software, which can also be 

interpreted as starting a session. Theoretically, multiple processes can run sim-

ultaneously, as DBPs are designed to be utilized by multiple actors. Starting 

the process model with user entry provides a clear framework for tracking a 

user’s role throughout the process and linking it to tasks performed by the 

system. Other configurations are possible, such as running a DBP as a back-

ground application, but these are not the focus of this model. 

When the DBP software is launched, two activities are triggered: 
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1. User login: The system prompts the user to log in. Authentication is 

carried out using predefined access policies and, potentially, specialized 

service providers. If login fails, the user is given another opportunity to 

authenticate. Once successful, the user can proceed to interact with the 

system. 

2. System updates: The DBP software checks for updates to ensure the 

tool operates at its optimal capacity. This includes reviewing the DBP's 

current state, such as existing elements and data, as well as updates from 

the service provider and the latest shared data from connected BISs. 

Automatic updates are implemented where possible, while updates re-

quiring user intervention prompt a system-generated request. This func-

tionality can also be used to notify building owners of significant real 

estate management tasks. Regardless of the specific updates, users are 

informed of any changes relevant to their role, adhering to service-level 

agreements and access policies. 

The second stage of the process model begins when users decide which DBP 

function to apply. To facilitate this, a user-friendly interface should present 

various options. The interface can be personalized based on user access rights 

and preferences, informed either by user input or an analysis of previous in-

teractions. Users navigate through the application to select a function. Upon 

selecting a desired function, they send an access request to the system by in-

teracting with the appropriate interface element. 

The system then evaluates the user’s authorization for the requested action. 

This evaluation is governed by the access policy, with the authorization pro-

cess potentially outsourced to an external service provider. In some cases, the 

user interface may be restricted to display only actions or items the user is 

authorized to perform, based on their role. 

If the user’s request is approved, the selected DBP function is executed 

through an interaction between user tasks and system tasks. This may include 

data interaction, generating insights, or administrative actions by the system 

to ensure the quality of the process. The distribution of tasks and user involve-

ment varies depending on the specific function. The functions defined in the 

function element (section 7.2.2) require additional specification through 
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distinct subprocesses. These subprocesses are excluded from the holistic 

model view to maintain simplicity and avoid excessive detail. 

Finally, the process concludes when users decide whether to remain logged 

into the system and continue applying additional functions or log out, marking 

the end of the session. 
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Figure 7.8: BPMN model for basic interaction with a digital building passport  
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7.6.6 Example process: data entry 

To clarify how process modeling enhances the understanding of DBP func-

tionality, an example process is presented for manually inserting data into a 

DBP. This process aligns with stage two of the holistic model view (section 

7.6.5), where users interact with the system to execute specific functions. The 

example begins after a user selects a data-related function, allowing them to 

navigate through the data model to explore available data categories and ele-

ments based on their access rights and interests (Figure 7.9). 

When users indicate their intention to insert data, the system first validates 

whether they are authorized to perform this action. If authorization is granted, 

the user is presented with various options for data insertion. These options 

depend on the type of building-related data and the functionalities supported 

by the system. Detailed implementation choices and associated business mod-

els are outside the scope of this process model view. 

Given the heterogeneity of building-related data, the process model accom-

modates several methods for data insertion, including: 

• Manual Entry: Direct insertion of individual data points by the user. 

• Uploading Structured Data: Submission of data in interoperable formats, 

such as standardized files. 

• Uploading Unstructured Data: Uploading non-machine-readable docu-

ments, such as PDFs. 

If data are available as linked data, the DBP user does not need to insert the 

building-related data manually but instead utilizes a separate function to es-

tablish linkages. In any case, the DBP software processes the inserted data and 

validates its quality based on predefined data quality requirements. These re-

quirements must be defined with precision to ensure a sufficient level of data 

quality while preserving the usability and efficiency of the system for the user. 

The data specification, namely the data ontology and dictionary, defines the 

semantics of the data, and newly inserted data must comply with these speci-

fications. This ensures consistency and interoperability across the system 

while maintaining high data quality standards. 

The outcomes of data quality validation may vary: 
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• Acceptance: Data meeting all quality requirements are immediately 

saved and applied by the system. 

• Correction request: If issues are detected that can be resolved by the user, 

the system prompts the user to make the necessary corrections. 

• Rejection: In cases of severe quality deficiencies, the data are rejected, 

and no changes are applied. 

• Data transformation: Where applicable, the system employs data trans-

formation techniques to align data with the required format. This may 

involve AI-driven algorithms, such as NLP, for extracting and structuring 

data from machine-readable documents or data cleansing techniques. 

After processing and validation, the user can continue browsing the data model 

to insert additional data or exit the process, marking its completion. 

 

Figure 7.9: BPMN model for a data entry process in a DBP 
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7.6.7 Process model limitations 

The proposed process model provides a conceptual framework for illustrating 

how the elements of a DBP interact within dynamic workflows. By abstracting 

from implementation detail, it supports structural clarity and facilitates the 

communication of core system logic. However, this level of abstraction nec-

essarily limits its representational scope. 

The model captures selected functions to demonstrate typical interaction pat-

terns but does not reflect the full operational complexity of real-world DBP 

implementations. In practice, workflows are more differentiated, domain-spe-

cific, and influenced by heterogeneous data sources, diverse user roles, and 

evolving governance requirements. Furthermore, the model is based on prede-

fined assumptions regarding user behavior, data quality standards, and system 

capabilities, which may vary across application contexts. 

Despite these limitations, the model fulfills its intended purpose as a design-

oriented reference structure. It provides a basis for iterative refinement and 

can be expanded as additional use cases, technical components, or regulatory 

requirements emerge. Its value therefore lies not in exhaustive representation, 

but in offering a coherent starting point for the structured development and 

operationalization of DBPs within heterogeneous BIS environments. 
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8 Implementation and feasibility  

Based on the proposal of a conceptual framework in chapter 7, its practical 

feasibility and implementation will be discussed in the following. This includes 

references to former contents in this thesis, new proposals, and the aggrega-

tion of recommendations. The aim is to validate the ISA framework and detect 

aspects that need further elaboration to improve practical feasibility. In addi-

tion, the relevance of intermediate results, such as the taxonomy for building-

related data needs (section B.5) or the requirement profile for DBPs (chapter 

5), will be highlighted. 

To do this, this chapter follows the following logic: First, a best-case scenario 

is envisioned how DBPs should be ideally implemented throughout the build-

ing life cycle and what role the ISA can play within each stage (section 0). 

This scenario sets the basis to specify potential benefits (section 8.2) and im-

plementation barriers and challenges (section 8.3). Methodologically, this 

chapter draws on expert interviews that were conducted specifically for vali-

dation purposes (section B.1), as well as on prior analytical findings devel-

oped throughout the thesis. For two aspects that stick out, the economic per-

spective (section 8.4) and actor-specific perspective (section 8.5), 

implementation options are discussed including an example for business 

model development and a proposal for actor-specific solutions. Finally, rec-

ommendations are given for DBP implementation, use, and governance di-

rected at the main addressees of this thesis (section 8.6). 
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Figure 8.1: Structure of chapter 8 
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ISA in connection with the requirement profile help clarifying main concerns 

including: 

• Which building-related data must be created and collected for the DBP? 

• Which functions should the DBP fulfill to manage information through-

out the life cycle? 

• Which actors should be involved in the creation, use, and management 

of the DBP? 

• Which data quality requirements are to be met? 

• Which requirements are posed on the usability of the system?  

Answering these questions can be carried out with predefined options, for ex-

ample specified by actor-specific business models or by standardization. In 

the best case, requirements exceed minimum levels and cover the full spec-

trum of the requirement profile.  

After defining the DBP strategy, a DBP is initialized. This includes the setup 

of all the essential elements of the DBP according to the ISA, so that it can 

function properly right from the start. This includes: 

• Setting up the DBP platform and ensuring that core technologies, such as 

the cloud infrastructure, are working properly 

• Setting up user profiles of actors which are already involved based on the 

DBP user model including the specification of user requirements 

• Ensuring the security of the system and the data based on the security 

technologies and the preferences of the owner 

• Establishing the connection to other BISs that are used throughout devel-

opment and construction when necessary; this can include BIM models, 

construction project management tools, national building registers, or 

portfolio management systems, for example 

After the initial setup phase, DBPs provide the structure for a systematic cre-

ation and collection of building-related data, which were specified as relevant. 

At the project development stage, this mainly covers master data according to 

the taxonomy of building-related data needs, such as building identifiers, actor 

information, location data, and first aspects of a planning log, which can later 

be kept as a planning record. In addition, crucial legal data are collected 
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including property rights and legal liabilities as well as important contracts. 

To collect the required data points, requirements are posed to the actors that 

create these data, such as project developers, designers, or consultants. The 

information flows depend on the specific project organization structure, which 

can be contextually different for different building use types, countries, project 

sizes etc. Most likely, project developers will take in a key role in this process 

based on their coordinating task in project development. 

 

8.1.2 Construction 

A fluent transition from the development to the construction stage should be 

reflected in information management and in the use of DBPs. Since typically 

the amount of actors increases throughout construction, the functions of a DBP 

to collect building-related in a standardized way and share these data when 

needed become more relevant. Designers, project managers, surveyors, con-

struction companies etc. are deeply engaged in creating and sharing building-

related data at this stage. By functioning as the single source of truth for rele-

vant data points, the DBP streamlines data collection. Thus, the DBP also fa-

cilitates a digital building permit process by making the necessary compliance 

data available to building authorities.  

Throughout the construction process, the DBP provides guidance on the needs 

of building-related data at later life cycle stages. Important milestones are doc-

umented as well as crucial design decisions, concepts, and analyses. These 

data form the essential basis for the planning and construction record.  

The most important aspect of DBPs at the construction stage concerns the end 

of construction, when the DBP provides a standardized framework for creating 

the as-built documentation of a building. Inventory data are created and col-

lected based on the specifications of the DBP data structure. According to the 

Best practice: DBP at the development stage 

➢ Specify requirements on the use of DBPs as part of a life cycle infor-

mation management strategy 

➢ Initialize the setup of a DBP and collect first data points that are cre-

ated at this stage 
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taxonomy of building-related data needs this, among other things, includes 

geometries, material and mass data (potentially part of a dedicated material 

inventory), building component data, building services data, and functional 

building properties. The building geometry is integrated by linking or integrat-

ing a virtual building model to the DBP. Contractual agreements between 

owner, builder, and service providers, for example with a reference to HOAI 

documentation requirements as a basis, ensure that data are collected as re-

quired. 

The inherent quality control functions contribute in connection with contrac-

tual agreements to better data quality. Based on its diagnostic data analytics 

function, the DBP automatically informs the user on missing data or potential 

data quality issues. The overall data quality is assessed by the system and a 

risk-return ratio assessment for information management in the life cycle is 

provided. Proposals are made to the responsible actor how data quality can be 

improved. 

The standardized as-built documentation is used for important tasks, such as 

sustainability assessments or marketing. The results of sustainability assess-

ments at this stage are integrated into the DBP according to the taxonomy of 

building-related data needs with contextual information integrated in a sus-

tainability assessment log. 

 

8.1.3 Handover and transition 

Since the transition from construction to use stage is potentially the most crit-

ical point for life cycle information management the DBP takes in a very cru-

cial role here. As part of the handover process, a DBP facilitates the handover 

of building-related data 

Best practice: DBP at the construction stage 

➢ Keep a planning and construction log 

➢ Make use of DBPs as a data sharing tool, e.g. for digital permit pro-

cesses 

➢ Create an as-built documentation at the end of construction based on 

the data structure of the DBP 



8  Implementation and feasibility 

310 

Apart from that, the transition phase includes the optimal setup of the DBP for 

the use stage. Connections to other relevant BISs, such as BAMSs, facility 

management systems, or digital twins need to be established when not already 

done at an earlier stage. If new actors, such as tenants, property managers, or 

facility service providers, enter into the life cycle, user profiles are created for 

these actors. This can include contractors in their role as dedicated stewards 

for managing DBPs for building owners. The setup of DBPs includes the ac-

tivation of functions of the DBP according to the preferences of users. An 

owner activates data analytics functions which enable automated status reports 

on building performance, alerts regarding potential anomalies, and prescrip-

tive analytics for building management. In addition, personal reminders are 

established for maintenance activities. 

New data are added to the DBP at this stage to enable a seamless track of the 

building history. The construction record is completed and transferred into an 

immutable record, for example through data formats such as PDF/A or by 

making use of blockchain technology. At the same time, a real estate manage-

ment log is initialized which contains relevant management decisions and pro-

cesses throughout the use stage. 

 

8.1.4 Use 

Throughout the use stage, the DBP functions as a data repository representing 

the single source of truth for the integrated data. It provides a structured clas-

sification that assists the collection of building-related data. It provides regular 

status reports to the responsible user (owner, steward) on potential risks due 

to data quality issues or due to risks directly connected to the building. Based 

on the connection to BISs that are applied for technical monitoring, such as 

BAMSs, the DBP’s databased is continuously enriched. Outdated data are 

Best practice: DBP at handover and transition 

➢ Use a DBP to handover building-related data systematically to the 

owner 

➢ Prepare information management at the use stage by creating user 

profiles for relevant actors and linking DBPs to other important BISs 
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archived as part of the maintenance and usage log, as specified by the taxon-

omy of building-related data needs. 

The DBP meets crucial functions of information management throughout the 

use stage by enabling the systematic collection, storage, and sharing of data at 

different occasions. Actor information are updated when new actors enter into 

the building life cycle. A real estate management record ensures the documen-

tation of substantial decisions and how facility, property, and portfolio man-

agement are organized. Critical changes to the building through maintenance 

are documented by updating the respective inventory data. These data are col-

lected directly at the timing of data creation. The DBP functions ensure that 

data meet quality requirements through several ways. It offers ways to entry 

data for several formats. Structured datasets can be integrated conform to the 

DBP data model. Semi-structured or unstructured data are processed to ensure 

the machine-readability of these data, mostly applying to scanned documents. 

The combination of OCR with AI provides the capabilities to read relevant 

data points, such as energy consumptions, cost data, or actor information from 

documents.  

The DBP predicts building performance over time based on the properties of 

building elements, such as the age or condition of structural building compo-

nents, and based on energy and material flows. This facilitates the derivation 

of action plans for long-term maintenance and renovation. The proposals made 

to the responsible actor (e.g. building owner, real estate manager) take in the 

form of temporary action suggestions or complete renovation roadmaps. The 

DBP thus either fully integrates the functions of a building renovation passport 

as a dedicated microservice or is connected to a separated BIS through APIs 

or linked data. In any case, the DBP carries data that are relevant for renova-

tion planning and decisions. These data are shared with actors that take part in 

the renovation process. Data owners, specifically building owners, trust the 

data sharing process since they can specify who can access or use data points. 

For major renovations, master data are updated including actor information, 

important dates, and an (as-built) construction record. 

The DBP assists several other important tasks throughout the use stage by 

providing essential data points in a systematic way and/or by making use of 

these data through data analytics functions. This includes: 
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• Transactions: The DBP offers structured data for marketing, property 

valuations, and risk assessments. It can contain functions to generate real 

estate brochures, EPCs, valuation estimates or risk profiles in an auto-

mated way. For due diligences, it provides a structured overview on the 

available information and for necessary data collections.  

• Renting: The DBP manages data that are essential for renting and tenant 

management. It facilitates data sharing between landlord and tenant. A 

landlord can manage tenant data, cost and revenue streams, contracts, and 

compliance documents as part of a DBP. Based on data on the energy 

performance, a DBP can facilitate the generation of EPCs or at least pro-

vide essential data for this purpose. 

• Portfolio management: DBPs function as the essential data source for real 

estate managers. Especially portfolio managers and asset managers profit 

from the consistent data base, when all buildings within their building 

stock have a DBP. Portfolio management software can link necessary 

data points from a DBP. 

• National building registration: DBPs offer standardized and digital ac-

cess to governments and public authorities to building data. Building reg-

isters and DBPs can mutually link to relevant data in the other instrument. 

For DBPs, this can refer to national building identifiers, for example, and 

for building registers all kinds of master and legal data that are necessary 

to manage the national building stock. 

 

8.1.5 End-of-life 

The systematic management of building-related data with a DBP becomes rea-

sonably valuable at the end-of-life stage of a building, especially already at 

demolition/deconstruction planning. The DBP provides relevant inventory 

Best practice: DBP at the use stage 

➢ Keep a continuous record of the building by documenting relevant 

changes 

➢ Make use of building-related data from the DBP at various occa-

sions, such as maintenance, renovations, transactions, renting, port-

folio management, or national building registration  
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data on building elements, building materials, and potential hazards. Manu-

facturer information on building elements provide guidance on how certain 

materials should be treated for disposal or recycling. Mass and material data 

also help to evaluate potential environmental impacts of deconstruction. 

Data analytics functions help analyzing the building’s condition and provide 

decision-makers with proposals on what to look out for in a deconstruction. 

This includes hazardous materials as well as potential threats, for example 

through structural instabilities. By documenting the deconstruction process in 

a (de-)construction record, a building log is completed for the entire lifespan 

of a building. This building log can serve national or personal archives as a 

contribution to preserving cultural heritage. It also helps governments to track 

the performance of the national building stock over time.  

 

8.1.6 Handling existing buildings 

The vast majority of buildings are existing buildings for which the best-prac-

tice implementation from the outset of the life cycle is not feasible. Thus, so-

lutions are needed for a successful and efficient implementation of DBPs for 

these buildings too. To reduce administrative effort, synergy effects should be 

used that result from implementing a DBP at strategic points in the life cycle. 

Rather than treating DBP adoption as a standalone initiative, aligning it with 

occasions where building-related data are already being collected or consoli-

dated can significantly reduce resource demands and enhance the quality of 

the resulting information. Optimal occasions include: 

• Major maintenance or refurbishment projects, where significant build-

ing-related data are typically updated or generated. 

Best practice: DBP at the end-of-life stage 

➢ Make use of building-related data from a DBP to plan deconstruction 

and disposal 

➢ Integrate the continuous and immutable building record to national 

archives  
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• Transactions, property valuations and due diligences, which require com-

prehensive assessments of the building’s current condition, legal status, 

and performance metrics. 

• Sustainability certifications or assessments, where detailed performance 

data are collected and created. 

The tasks that are connected with these occasions often go along with substan-

tial building-related data needs. Not all of these data have to be collected 

through cost-intensive primary data collection directly at the building. Sec-

ondary data sources, such as as-built design documents, building permits, 

room books, virtual building models, facility management systems, building 

registers, and other BISs, should be prioritized. The data collected from these 

sources should be validated regarding its compliance with data quality require-

ments. Data processing through AI-enhanced OCR techniques helps to digit-

ize these documents and make them machine-readable 

Throughout the process, several elements of the ISA and other proposals for 

DBPs can be of use: 

• The requirement profile helps actors to specify their requirements. 

• The taxonomy of building-related data needs provides a structured frame-

work for data collection and storage. 

• The DBP assists users in managing data quality throughout the data life 

cycle process and by specifying data quality requirements for data points. 

• The DBP provides the functionality to leverage the potential of secondary 

information sources by ensuring the machine-readability and digitization 

of documents and by reading data from documents through OCR and AI 

processing. 

DBP implementation for existing buildings does not have to be bound to oc-

casions at the building level. At the corporate level, DBP implementation can 

be embedded within broader transformation initiatives. Examples include: 

• Digitization projects aimed at enhancing operational efficiency and trans-

parency. 

• Data quality improvement programs, addressing gaps or inconsistencies 

in existing building-related information. 
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• Cultural and organizational change initiatives, where DBP adoption is 

positioned as part of a forward-looking strategy to align with market 

trends and regulatory requirements. 

By aligning DBP implementation with corporate-level goals, organizations 

can ensure that the process is both scalable and aligned with their long-term 

strategic vision. 

Building and corporate level strategies are not mutually exclusive but can 

complement one another. For example, a corporate strategy might identify 

portfolio segments for initial DBP rollout, while individual buildings within 

those segments are prioritized based on planned maintenance schedules. This 

integrated approach, visualized in figure X, ensures that DBPs deliver value 

at multiple levels, fostering their broader adoption across the real estate indus-

try.  

8.1.7 Summary life cycle implementation 

Figure 8.2 visualizes the ideal implementation of a DBP across all stages of a 

building’s life cycle. Used as a LC-BIS, the DBP is initialized during devel-

opment as part of a comprehensive information management strategy. Its im-

plementation is guided by the proposed ISA, which defines the structure for 

managing data, processes, and user interaction consistently throughout the life 

cycle. The DBP enables systematic creation, collection, and exchange of 

building-related data, supports documentation and compliance processes dur-

ing construction, and ensures continuity of information at handover and during 

use. In renovation and end-of-life planning, it provides access to key data such 

as inventory and condition information. For existing buildings, DBPs are in-

troduced at strategically relevant moments, with the ISA supporting scalable 

and context-sensitive integration into existing processes and systems. 
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Figure 8.2: Milestones in implementing the digital building passport framework throughout 

the life cycle 
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framework proposed in this thesis stand out as key enablers of improved in-

formation management: 

• Standardization: When implemented according to a common understand-

ing of functionality, as defined in the ISA, DBPs can streamline essential 

processes such as the collection, processing, storage, sharing, and use of 

building-related data. 

• Digitalization: DBPs support the ongoing digital transformation of the 

real estate industry by digitizing building-related documents and da-

tasets. This creates the technical basis for applying modern ICT solutions. 

• Simplification: As a single source of truth for relevant building-related 

information, DBPs can significantly simplify how data are managed by 

various actors. 

• Control: Through decentralized data ownership, DBPs give actors full 

control over their data, which can help to foster trust and enable transpar-

ent governance. 

• Alignment with operational needs: The DBP concept proposed in this 

thesis is grounded in the concrete information management requirements 

of relevant life cycle tasks. The focus lies in the structured identification 

and handling of data needs. 

• Actor integration: DBPs can overcome existing data silos by integrating 

key actors in real estate management. They function at the level of indi-

viduals, across actor constellations, and potentially on an industry-wide 

scale. 

• Data (quality) focus: DBPs place a dedicated emphasis on data as the 

core asset of information management. Data quality is addressed com-

prehensively, based on the requirement profile. 

These characteristics contribute to improvements across two main dimen-

sions: data quality and process quality (Figure 8.3). Enhancements in data 

quality extend across a wide range of dimensions, particularly those identified 

as strict requirements in the requirement profile for LC-BISs. The availability 

of accurate and reliable data is also a prerequisite for meaningful use of ana-

lytics functions. Process quality improvements relate to key functions such as 

guided data collection, quality control, and secure data sharing. By acting as a 

trusted source for building-related data, the DBP can address frequent 
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information management issues, especially those linked to information asym-

metries and fragmented responsibilities. 

A central aspect connecting improvements in data and process quality is finda-

bility. Expert consultations suggest that difficulties in locating relevant data 

often present a more significant issue than the data’s availability itself. 

The benefits in information management are especially evident during specific 

tasks or occasions in the building life cycle. For instance, guided data collec-

tion is particularly useful in building surveys and sustainability assessments, 

while efficient data sharing is critical during handovers. The availability of 

building-related data that would otherwise have to be collected from scratch 

adds value across many data-intensive tasks, such as property valuations or 

due diligences. 

 

Figure 8.3: Overview on data and process qualities in a digital building passport 
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8.2.2 Benefits for real estate management 

Information management is integral to numerous tasks across the building life 

cycle. Improvements in this domain, as enabled by DBPs, can have a direct 

and measurable impact on real estate management. Key benefits include: 

• Operational efficiency: As defined in the requirement profile, DBPs must 

be both effective and efficient to ensure practical relevance. When im-

plemented accordingly, they help users quickly locate relevant building-

related data and streamline workflows within real estate companies. 

• Strategic decision-making: A reliable information base enhances the 

quality of long-term decisions in areas such as asset strategies, portfolio 

management, and refurbishment planning. 

• Risk mitigation: Reliable access to critical data helps mitigate risks asso-

ciated with uncertainty, such as poor decision-making, loss of property 

value, or unexpected cost developments. A lack of up-to-date infor-

mation, especially on building condition, can lead to inefficient or erro-

neous choices. 

• Cost reduction potential: Continuous data collection throughout the 

building life cycle has been shown to be economically advantageous 

compared to sporadic data collection (Mehlis, 2005, p. 204). Expert con-

sultations confirm that DBPs could substantially reduce the costs of data 

collection and processing in tasks such as building surveys, due dili-

gences, and sustainability assessments, especially when they provide 

high-quality data and structured guidance for collecting any missing in-

formation. 

• Value enhancement potential: High-quality, accessible, and trustworthy 

data are increasingly viewed as a valuable asset. DBPs enhance the value 

of building-related data, which can positively affect marketability and 

perceived property value. Conversely, the absence of such information 

can result in value loss. 

• Marketing and reputational advantages: Transparent, well-structured 

data management supports an owner’s reputation and signals profession-

alism, especially in the context of sustainability and compliance. 

• Improved collaboration: DBPs bring together multiple actors across the 

construction and real estate value chain. This extends beyond data 
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sharing to new forms of collaborative workflows and potentially joint 

value creation. 

• Innovation potential: DBPs provide a basis for innovation by making 

high-quality building-related data accessible for new services and digital 

applications. This includes automation, interactive data platforms, or AI-

supported planning and analysis tools. 

Despite these overarching benefits, practitioners may not always recognize the 

full value of improved information management. Expert interviews indicate 

that benefits such as improved data control are often intuitively linked to 

broader outcomes like operational efficiency, better decision-making, and 

lower risk. These insights underscore the existence of a chain of effects, where 

the core characteristics of DBPs first enhance information management and, 

through that, create value for real estate management more broadly (Figure 

8.4). 
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Figure 8.4: Chain of effects for benefits and potentials in digital building passports 
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that ensuring data and process quality will always require some degree of ef-

fort. 

In addition to cost savings, other benefits such as reduced decision-making 

risks, improved workflows, and enhanced stakeholder trust may be more dif-

ficult to quantify but are no less important. For example, DBPs support data-

driven portfolio management and facilitate renovation planning, both of which 

can result in long-term efficiency gains and strategic advantages. 

The specific tasks in which cost savings and efficiency gains are expected are 

summarized in Table 8.1. It outlines how DBPs can reduce effort in data col-

lection, data sharing, and data analytics across selected real estate processes. 

Table 8.1: Task-specific cost reduction potentials of digital building passports 
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Digital building permits ➔   

Construction documentation    

Commissioning and handover    

Use documentation    

Building surveys, inventories and due diligence    

Property valuations    

Risk analyses    

Public administration    

Sustainability assessments    

(Sustainability) reporting    

 

The table shows that DBPs can streamline several processes by either elimi-

nating the need for new data collection or by improving the accessibility and 

usability of existing data. Especially for recurring or documentation-intensive 
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tasks, such as property valuations or reporting, the long-term reduction of 

manual effort offers significant economic advantages. 

In a detailed economic evaluation, such as a business case or cost-benefit anal-

ysis, the potential benefits outlined above must be weighed against the specific 

costs associated with implementation. These costs can include licensing fees, 

system setup and administration, investments in ICT infrastructure, and user 

training. The timing of DBP adoption also influences the overall cost-effi-

ciency. When introduced during modernization projects or aligned with data-

intensive tasks, implementation costs may be significantly reduced by drawing 

on data already being collected (section 8.1.6). Furthermore, portfolio-wide 

implementation can lead to scaling effects, which reduce the average cost per 

building and further strengthen the economic case for DBPs. 

8.3 Barriers and challenges 

While the previous section outlined the potential benefits of DBPs, their im-

plementation remains confronted with various barriers. These challenges re-

flect the complexity of DBPs as LC-BISs and their interaction with technical, 

organizational, and regulatory conditions. The following subsections distin-

guish between barriers that can be addressed through the proposals developed 

in this thesis (8.3.1) and those that persist beyond its current scope (8.3.2). 

8.3.1 Addressed barriers 

In the past, several severe barriers have hindered the successful implementa-

tion of building passports. To provide a structured overview of these chal-

lenges, evidence from existing literature is provided in section G.1. This com-

pilation identifies key barriers repeatedly discussed across academic studies 

and policy papers. The barriers can be grouped into five overarching dimen-

sions: 

• Political and legal: including regulatory fragmentation, unclear responsi-

bilities, and lack of public-sector prioritization. 

• Economic: involving uncertain value propositions, high implementation 

costs, and insufficient business models. 
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• Technical: referring to challenges such as limited interoperability, poor 

legacy data integration, and unclear data standards. 

• Actor-based: including low motivation, limited digital skills, and opera-

tional disconnects. 

• Tool-related (functional): relating to usability, unclear scope, and the ab-

sence of robust governance mechanisms. 

The results and proposals developed within this thesis contribute to overcom-

ing a number of these barriers. Most notably, the requirement profile and the 

ISA serve as key instruments for clarifying system functionality, data require-

ments, and user interaction. Together, they address issues of inconsistent 

scope and purpose, a common problem in past initiatives. The clear distinction 

between DBPs and other types of BISs also helps position DBPs more pre-

cisely within the broader digital ecosystem. 

Barriers related to data quality are tackled through the definition of minimum 

and extended data quality requirements in section 5.5, and through the system-

side functions that support their implementation. The ISA integrates data qual-

ity checks and mechanisms for guided data entry, contributing to higher relia-

bility and consistency of the collected information. While interviewees 

acknowledged the potential of these measures, some remained skeptical about 

whether organizational routines and corporate cultures would sufficiently pri-

oritize data maintenance. Nonetheless, many agreed that a well-designed DBP 

could actively support improvements in these areas by making information 

management more transparent and structured. 

From a technical perspective, most interviewees agreed that the necessary 

technologies for DBP implementation already exist. The thesis proposes a 

modular system architecture that facilitates the integration of different data 

sources and interaction with existing systems via APIs or linked data ap-

proaches. However, it was also emphasized that technical solutions must be 

adapted to the specific digital maturity levels of different actor groups to be 

practically effective. 

In terms of actor-related barriers, the proposed user model and decentralized 

data ownership strategy directly address the challenge of limited user engage-

ment and unclear responsibilities. By enabling actors to retain control over 
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their data while delegating management tasks to designated stewards, DBPs 

can align better with operational realities. Furthermore, the focus on modular-

ity and user-specific profiles enhances usability and lowers the entry thresh-

old, particularly for smaller or less technically advanced actors. 

Finally, economic concerns are acknowledged throughout the thesis. While 

cost-related barriers cannot be fully removed through technical design alone, 

the strategy of aligning DBP implementation with existing life cycle events, 

such as modernization projects or due diligences, offers a pragmatic way to 

reduce setup costs. Additionally, the benefits outlined in section 8.2 help clar-

ify the potential long-term value of DBPs, particularly when implemented at 

scale. 

Table 8.2 provides selected examples of how specific barriers are addressed 

in the thesis. 

Table 8.2: Selected barriers to digital building passport implementation and how they are 

addressed in this thesis 

Barrier 

Type 

Barrier Description Addressed through... 

Tool func-

tionality 

Unclear scope and 

purpose 

Requirement profile; conceptual dif-

ferentiation from other BISs 

 Lack of user-friend-

liness 

ISA with role-based user model and 

modular interface design 

 Data governance 

issues 

Decentralized ownership model and 

access management in ISA 

Data qua-

lity 

Unclear requirements 

for data quality 

Requirement profile; quality manage-

ment functionalities in ISA 

 Inconsistencies 

across data sources 

Taxonomy of data needs; lifecycle-ori-

ented structuring 

Technical Interoperability chal-

lenges 

Modular system architecture; support 

for APIs and linked data approaches 

 Integration of legacy 

data 

Secondary data strategy; AI-supported 

digitization (e.g., OCR + AI) 
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Actor-ba-

sed 

Lack of motivation 

and unclear benefits 

Improved user control; illustrative use 

cases and link to strategic decision-

making 

 Skills and resource 

limitations 

Simplified design and ability to assign 

stewardship roles 

Economic High setup costs and 

unclear funding 

Cost-benefit discussion in section 8.2; 

timing alignment with data-intensive 

events 

 Uncertain value 

proposition 

Functional and strategic benefits 

mapped to use cases and actor tasks 

 

While not all barriers can be eliminated solely through conceptual or technical 

improvements, the proposals developed in this thesis provide a robust founda-

tion for overcoming many of the persistent challenges identified in earlier re-

search. The remaining barriers, which go beyond the technical and structural 

level, are discussed in the following section. 

8.3.2 Persisting challenges 

While a number of key barriers can be mitigated through the requirement pro-

file, ISA, and implementation strategies proposed in this thesis, other chal-

lenges remain unresolved. These persisting barriers relate less to system de-

sign and more to questions of economic feasibility, organizational capacity, 

and actor-specific prerequisites for implementation. 

A central open issue concerns the economic and financial dimension of imple-

mentation. Although DBPs offer cost reduction potentials across many life 

cycle tasks, there remains considerable uncertainty about who will develop, 

operate, and maintain DBP solutions in practice. Business models are still in 

niche markets, raising questions about who delivers DBP-related services, 

how they are financed, and what compensation models apply. In interviews, 

concerns were also raised about vendor lock-in effects, especially in contexts 

where proprietary systems or closed platforms dominate. Moreover, the future 

role of the public sector remains unclear. It is uncertain whether DBPs will be 
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supported, endorsed, or even mandated as policy instruments, and to what ex-

tent this might influence their adoption across the market. 

Another layer of complexity lies in the organizational and operational integra-

tion of DBPs. Their successful implementation requires not only technical in-

frastructure, but also adequate training, redefinition of roles, and often the cre-

ation of new workflows within organizations. Interviewees emphasized that 

even the most well-designed DBP is unlikely to unfold its potential if founda-

tional workflows for data handling and documentation are not in place. This 

challenge is especially pronounced in organizations where information man-

agement is not yet institutionalized or lacks assigned responsibility. 

In addition, actor-specific conditions present significant variation in readiness 

and capacity to adopt DBPs. Expert interviews highlighted the considerable 

differences between large, professionally managed real estate firms and 

smaller actors such as housing cooperatives or private owner-occupiers. These 

differences relate not only to financial resources but also to digital competen-

cies, organizational structures, and levels of motivation. It remains an open 

question how different actor types can be addressed more specifically and how 

their respective needs can be translated into tailored support measures or 

phased implementation strategies. Interviewees also asked how actors should 

begin preparing for DBP adoption and what basic conditions must be met to 

ensure success. These concerns point to a broader requirement for transfor-

mation guidance that goes beyond the technical design of the system and en-

gages with organizational change and capacity-building. 

In summary, while the framework proposed in this thesis addresses several 

implementation barriers, some challenges remain. These include unclear busi-

ness models, the role of the public sector, and varying prerequisites among 

actors. Two of these aspects will be addressed in more detail: section 8.4 ex-

plores options for economic implementation, and section 8.5 discusses actor-

specific implementation considerations. 
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8.4 Economic implementation 

Understanding the economic perspective of DBPs is essential for evaluating 

their feasibility and potential for adoption in the real estate industry. This sec-

tion examines how DBPs can create economic value by exploring different 

development pathways and initiator models (section 8.4.1) and outlining via-

ble business model strategies (section 8.4.2).  

8.4.1 Development pathways and economic models 

One major reason for the slow adoption of DBPs is the uncertainty surround-

ing their economic feasibility. There are no best-practice examples from prior 

implementations, and only limited academic or practical exploration of the 

economic aspects of DBPs exists. A key approach to clarifying their potential 

is the development of viable business models. However, there is no consensus 

in theory or practice regarding which actors should lead these models. De-

pending on the initiator type, multiple implementation options emerge: 

• Private sector profit-oriented initiatives (i.e. a business): These initiatives 

may operate as standalone or integrated product/service offerings, typi-

cally involving one actor as the seller and another as the user. Various 

business relationships and models can be developed, with each business 

distinguished by the uniqueness of its business model. 

• Non-profit-oriented private sector initiatives: These initiatives often have 

functionality similar to profit-oriented businesses but aim to address spe-

cific technical, environmental, or social challenges rather than generate 

profit. They range from large non-governmental organizations (NGOs) 

to groups providing open-source (software) solutions. 

• Private developments for in-house use: Companies with substantial real 

estate portfolios increasingly recognize the value of tailored information 

management solutions. Customized in-house DBPs can address their 

unique needs, particularly for companies in the real estate industry or 

those with CREM departments. 

• Public sector initiatives: Governments, with their substantial demand for 

building-related data, can play a key role in DBP development. They may 
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either stimulate private-sector initiatives, leading to voluntary adoption, 

or mandate DBP usage through policy instruments. 

These implementation pathways are not mutually exclusive and may coexist. 

As discussed in the literature on building passports and DBLs (section 6.2), 

examples of each approach already exist. Public initiatives, such as those 

launched in Germany and the UK, have so far failed to achieve widespread 

adoption. In contrast, recent years have seen an increase in private-sector ac-

tivities, often driven by digitization efforts and sustainability goals. 

There is no definitive answer as to which implementation path is most likely 

to succeed. The central question remains which option offers the greatest po-

tential for widespread DBP adoption while meeting functional requirements. 

To support this evaluation, Table 8.3 summarizes the main advantages and 

disadvantages of each approach: 

Table 8.3: Advantages and disadvantages of digital building passport development options 

by initiator type 

Initiator Advantages Disadvantages 

Private sector 

profit-oriented 

initiatives 

Access to resources for 

established companies;  

High level of innovation;  

Flexibility to adapt busi-

ness models to trends;  

Strong incentives for dif-

fusion through financial 

gains;  

Focus on customer needs 

through value proposi-

tions 

Profit-driven decisions may 

overlook social and envi-

ronmental goals;  

Limited incentives for 

standardization, risking 

lock-in effects;  

High costs for early 

adopters 

Non-profit-ori-

ented private 

sector initiatives 

Long-term sustainability-

oriented goals;  

Generally more afforda-

ble for users due to non-

profit nature 

Limited resources com-

pared to profit-driven busi-

nesses;  

Risk of less efficient solu-

tions with reduced function-

ality and customer focus 
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Private develop-

ments for in-

house use 

Enables highly custom-

ized solutions;  

Often builds on existing 

real estate information 

management systems 

Limited interoperability; 

Solutions tailored to spe-

cific companies' needs 

Public sector ini-

tiatives 

Focus on societal and en-

vironmental well-being;  

Opportunity for interna-

tional alignment (e.g., 

EU initiatives);  

Access to diverse re-

sources;  

Multiple roles in real es-

tate incentivize holistic 

perspectives 

Potential welfare loss due to 

market interventions;  

Short-term focus driven by 

election cycles;  

Bureaucratic inefficiencies 

and high costs 

 

While each option has distinct advantages and limitations, the pathway most 

likely to support DBP adoption will vary depending on market structure, reg-

ulatory environment, and timing. A plausible scenario, based on current 

trends, is as follows: the public sector continues to refine the DBP concept 

through research initiatives and develops a framework for industry applica-

tion. Standardization bodies may then formalize this framework, defining key 

requirements and functions. Building on this, private-sector initiatives can cre-

ate tailored DBP solutions that meet specific market needs. 

The next section explores how such solutions can be structured through viable 

business models and strategic approaches. 

8.4.2 Business model design 

8.4.2.1 Strategic considerations 

One major reason for the limited adoption of DBPs in the real estate industry 

is the lack of successful business models and practical examples. As outlined 

in section 8.3, several barriers have contributed to the failure of earlier initia-

tives. These include high initial costs, insufficient value recognition, and 
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limited digital readiness. The inherent complexity of the real estate domain 

adds further challenges. The industry involves a wide range of actors with dif-

fering goals, from planning and construction to long-term use and manage-

ment. 

A DBP business strategy must respond to these diverse needs by identifying 

specific customer segments and tailoring the product accordingly. While many 

buildings share core characteristics, each one remains a complex and unique 

object with a long service life. A viable business strategy must clarify which 

building types and uses to target and how the DBP aligns with their specific 

demands. Additionally, the large number of existing information systems has 

led to confusion regarding terminology and functionality. A clear position 

within the BIS landscape which emphasizes the distinct role and value of the 

DBP, as shown in section 7.6.3, is therefore essential. 

Common reasons for past business model failures include: 

• Low willingness to pay due to the undervaluation of structured infor-

mation management 

• High upfront costs for data collection, quality assurance, and system in-

tegration 

• Resistance to innovation and dominance of established software provid-

ers 

• Absence of standardized DBP functionalities and data elements 

• General startup risks such as unclear value propositions and limited mar-

ket understanding 

These cases show that there is no one-size-fits-all formula. Instead, a range of 

strategic options exists. Competitive models can demonstrate different devel-

opment paths and may generate follow-up opportunities. These include inte-

grated services, partnerships, or complementary offerings that increase market 

appeal and functional coverage. 

Motivations behind DBP development can be economic, environmental, so-

cial, or personal. While financial performance is necessary to remain viable, 

motives such as improving sustainability and enabling better decision-making 

can strengthen the strategic foundation. Businesses aiming to enhance 
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building information management may simultaneously support environmental 

goals, leading to solutions that serve both commercial and public interests. 

8.4.2.2 Types of building passport business models 

Business models for DBPs can be oriented around different stages of the DBP 

life cycle, particularly the development and use phases. While development 

requires significant investment in software design and infrastructure, the use 

phase offers the primary opportunity to deliver value through services, mainte-

nance, and integration into existing processes. Unlike physical products, DBPs 

can scale efficiently once developed, provided they are supported by reliable 

infrastructure and services. 

Several business model options exist and are outlined in section G.2. These 

include product-based sales, integrated product-service solutions, service-

based models, contractor-based models, intermediary approaches, and peer-

to-peer development. Each model defines different relationships between DBP 

developers, service providers, and users. 

• Product-based models focus on selling a standardized DBP product to 

building owners or operators. These models allow developers to concen-

trate on software development and scalability but often lack support 

structures that many users require, particularly non-experts. 

• Integrated product-service solutions provide a more comprehensive of-

fering. Here, the developer or provider supports DBP use over time, as-

sisting with data entry, compliance, system maintenance, and updates. 

This model increases trust and usability, especially among users with lim-

ited expertise, but may challenge scalability and require significant re-

sources. 

• Service-oriented models separate the DBP product from the services pro-

vided, allowing independent service providers to manage or supplement 

the system. This encourages specialization and flexibility but requires co-

ordination and multiple contractual relationships. 

• A more structured version of this model is the contracting approach, in 

which building owners outsource DBP management to specialized con-

tractors under performance-based agreements. Contractors can assume 
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the role of digital information managers, supporting data quality, regula-

tory reporting, and long-term data administration. 

• Intermediary-based approaches rely on actors such as architects, facility 

managers, or housing associations to distribute DBPs as part of broader 

services. These intermediaries can create synergies and expand reach but 

may increase user costs and reduce transparency in the customer relation-

ship. 

• Peer-to-peer approaches involve real estate actors co-developing a DBP 

for shared use, such as through industry initiatives. These models enable 

strong alignment with sector-specific needs but are typically limited to 

actors with similar goals or capacities, which can restrict broader applica-

bility. 

A simple product-only model is unlikely to achieve widespread adoption in 

the real estate industry, particularly given the complexity of data and limited 

digital expertise among many users. More comprehensive or modular models 

that combine product and service components are better suited to accommo-

date diverse user needs, ensure data quality, and support long-term use. 

8.4.2.3 Value proposition 

A clearly defined value proposition is essential for any DBP business model. 

It determines how the product or service addresses specific customer needs 

and creates benefits that justify its use and cost. For DBPs, this centers on 

improving the management of building-related information, particularly by re-

ducing inefficiencies, ensuring data quality, and enabling better decision-mak-

ing throughout the building life cycle. 

Drawing on the logic of the value proposition canvas (section 2.3.4), DBPs 

can be framed through the lens of customer tasks, pain points, and desired 

gains: 

• Tasks relate to the handling, use, and exchange of building data. 

• Pains include fragmented documentation, low data usability, and time-

consuming administrative processes. 

• Gains reflect outcomes such as legal certainty, process efficiency, or bet-

ter planning and sustainability performance. 
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Many of these aspects are explored in more detail in section 8.2 on potentials 

and benefits, which highlights how DBPs contribute to improved information 

management and, in turn, support broader real estate objectives. While that 

section emphasizes systemic improvements, the value proposition focuses 

more directly on how these benefits resonate with customer needs and expec-

tations. 

To make these benefits tangible, the following examples demonstrate how 

DBPs can address user challenges in practice: 

• "Simplify your building information management with a single, secure 

repository for all data and documents, accessible anytime you need it." 

• "Ensure transparency and traceability by storing comprehensive data 

throughout your building’s lifecycle." 

• "Streamline data transfer from design to operation with real-time input 

capabilities." 

• "Make informed investment decisions with data-driven insights tailored 

to your property’s unique characteristics." 

• "Plan refurbishments with ease using automated tools that optimize cost, 

sustainability, and performance." 

• "Take control of your building’s data by deciding who can access and use 

it, empowering your decision-making process." 

These examples illustrate how DBPs not only simplify technical tasks but also 

contribute to broader strategic goals, such as operational reliability and sus-

tainability. A successful value proposition must align with the targeted use 

cases and customer segments while reflecting the broader advantages DBPs 

offer across the building life cycle. 

8.4.2.4 Customers 

A successful DBP business model depends on clearly defined customer seg-

ments, effective delivery channels, and appropriate customer relationships. In 

the context of DBPs, customers can be found throughout the real estate value 

chain. Building owners, both private and institutional, are central customers 

as they typically hold and manage most of the relevant building data. 
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However, other actors, such as property managers, architects, service provid-

ers, or consultants, may also be relevant depending on the use case. 

Crucially, DBP business models must bridge the gap between data providers 

and data consumers. Building owners or project participants often provide 

data, while a wide range of actors, including regulators, investors, facility 

managers, or certification bodies, may need structured access to these data for 

specific purposes. DBPs can serve as a neutral and secure platform enabling 

this interaction, and a successful model must define how value is created for 

both sides. For example, a housing company may enter data into a DBP pri-

marily for internal use, while also enabling external parties to retrieve verified 

information for ESG reporting or due diligence. 

This intermediary role makes it essential to identify not only the primary cus-

tomers who purchase or operate the DBP, but also the secondary users who 

benefit from access to the information it contains. Understanding this multi-

sided dynamic is key for product design, service offerings, and pricing models. 

A DBP business model may therefore target multiple customer groups through 

the same or differentiated offerings. While roles in the real estate industry pro-

vide a starting point for segmentation, further refinement is possible through 

firmographic, building-related, geographic, and behavioral criteria, as shown 

in Table 8.4. 
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Table 8.4: Customer segmentation criteria for digital building passport business models 

Category Criterion Explanation/Examples 

Firmogra-

phic 

Size of com-

pany 

Based on revenues, employees, or market 

share. 

 Size of buil-

ding stock 

Small, medium, or large portfolios of build-

ings. 

Building-

related 

Building use 

type 

Differentiation by building types (e.g., resi-

dential, commercial). 

 Building age Older buildings often present greater data 

challenges but also opportunities. 

 Economic 

factors 

Segmentation by property value or household 

income. 

 Environmen-

tal factors 

Segmentation based on CO₂ emissions, en-

ergy consumption, or environmental footprint. 

Geogra-

phic 

Location Regional or national segmentation. 

 Language Language preferences for products/services. 

Other fac-

tors 

Demographic Criteria like occupation or age. 

 Technogra-

phic 

Technical requirements or existing IT infra-

structure. 

 Psychogra-

phic 

Customer interests, values, and priorities. 

 Behavioral Patterns of technology use and engagement. 

 

In early stages, it may be necessary to focus on a limited number of segmen-

tation criteria due to resource constraints. Over time, more sophisticated tar-

geting strategies can emerge. 

Distribution channels for DBPs depend on the chosen business model. Indus-

try networks, especially among housing providers, planners, and facility man-

agers, offer important starting points. While digital marketing plays a role, 

direct channels such as professional associations, business events, or bundled 

offerings through existing service providers may be more effective in reaching 

target segments. 



8.4  Economic implementation 

337 

Customer relationships also vary depending on the business model and target 

group. For DBPs, common relationship models could include: 

• Self-service, where customers independently use the DBP. This is less 

suited to complex building information systems without significant sup-

port structures. 

• Automated service, where built-in features guide users through tasks and 

ensure consistency. 

• Personal assistance, often provided through help desks or messaging por-

tals. 

• Dedicated personal assistance, such as assigning a specific contact per-

son, particularly in bundled service models. 

• Communities, which support user-to-user knowledge exchange and prod-

uct improvement feedback. 

• Co-creation, involving customers directly in improving DBP functional-

ity or data offerings. 

The choice of relationship model should align with the value proposition and 

the complexity of the services offered. For example, highly automated DBPs 

may benefit from community and co-creation strategies, while more custom-

ized solutions may require close personal support. 

8.4.2.5 Infrastructure 

The infrastructure behind a DBP business model includes the key activities, 

resources, and partnerships needed to deliver its value proposition. For DBPs, 

this involves not only software development and operation but also the con-

tinuous support of users and the management of complex data flows through-

out a building’s life cycle. 

Key activities vary depending on the chosen model. Product-oriented busi-

nesses focus on software design, prototyping, and scaling. Service-based mod-

els additionally require capacity for onboarding, user support, system mainte-

nance, and compliance-related updates. In DBPs, ensuring system 

functionality over time is critical, especially when data must remain accurate 

and accessible across ownership changes and building stages. 
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Resources for DBP businesses are primarily intellectual and human. These in-

clude software architecture, data schemas, and regulatory know-how, as well 

as qualified personnel for development, customer service, and system mainte-

nance. Financial and physical resources play a secondary role, especially for 

cloud-based service models. 

Partnerships are essential for scaling and for fulfilling specialized tasks. Stra-

tegic alliances with service providers, IT partners, or real estate actors can help 

improve service delivery and extend market reach. Examples include: 

• Authentication and authorization service providers for secure access 

management 

• Cloud or data infrastructure partners to ensure scalability and reliability 

• Consultants or contractors who take over DBP operation and data quality 

management on behalf of building owners 

Outsourcing parts of the service, such as helpdesk support, infrastructure host-

ing, or data analytics, can reduce costs and enable DBP providers to focus on 

their core offering. However, it requires clear interfaces and quality controls 

to maintain system performance and user trust. 

Specialization within the partner network becomes particularly important 

when DBPs are operated as part of broader real estate services. A facility man-

ager offering DBP administration, for instance, may rely on integrated IT part-

ners and external compliance experts. These constellations illustrate how DBP 

infrastructure must be modular and flexible, adapting to different actor roles 

and business models. 

8.4.2.6 Finances 

The financial perspective of a DBP business model addresses how value is 

captured and sustained through appropriate cost structures and revenue 

streams. While DBPs are primarily software and service-oriented, financial 

planning must reflect the long-term nature of building use and the complexity 

of information needs. 

The cost structure includes expenditures for development, maintenance, user 

support, and partnerships. Costs may be fixed, such as salaries or software 
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hosting, or variable, such as those linked to service volume or onboarding new 

customers. For DBPs, human resource costs often dominate, especially during 

early-stage development and customer support. Where possible, automation 

and outsourcing can reduce operating costs, but this requires careful coordina-

tion with partners and quality assurance. 

The revenue model must be aligned with the value proposition, customer seg-

ments, and product design. For DBPs, two main types of revenue streams are 

common: 

• Transaction-based revenues, such as one-time sales or licensing fees, pro-

vide immediate income but offer limited potential for ongoing engage-

ment or value capture. 

• Recurring revenues, such as subscriptions, service contracts, or pay-per-

use arrangements, ensure more stable income, support long-term rela-

tionships, and are generally better suited to the evolving data needs of 

buildings. 

Pricing strategies must also consider the irregular nature of information de-

mand in the real estate industry. For example, the need for complete and ac-

curate data often arises during specific events, such as transactions, refurbish-

ments, or regulatory reporting. This intermittent demand can make it 

challenging to define continuous value and requires tailored pricing and ser-

vice models that reflect use cases rather than continuous usage. 

To address this, DBP businesses can benefit from multi-actor revenue strate-

gies. Instead of relying solely on building owners, they may also engage prop-

erty managers, consultants, or public bodies that benefit from access to struc-

tured building data. This approach not only distributes costs across 

stakeholders but also increases acceptance and value recognition. 

Capturing the monetary value of data remains a general challenge. The success 

of DBP business models will depend on how convincingly they communicate 

the benefits of structured data management, reduce administrative burdens, 

and support economic and regulatory objectives across the building life cycle. 
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8.4.2.7 Summary business model canvas 

Building on the preceding sections, which outlined potential configurations 

for each business model element, it becomes clear that DBPs offer a range of 

promising business model options. The logic of the Business Model Canvas 

provides a helpful structure to consolidate these considerations. Figure 8.5 vis-

ualizes a possible constellation of business model components, highlighting 

coherent and realistic choices for the development and commercialization of 

DBP applications. 
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Figure 8.5: Example for a business model canvas for digital building passports 
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8.5 Actor-specific implementation 

This section responds to a key implementation barrier raised in expert inter-

views: the lack of clarity on how a common framework for DBPs can be es-

tablished while accounting for the diverse needs of actors. It highlights the 

importance of actor-based implementation and presents a general implemen-

tation process (section 8.5.1), followed by a classification of actor maturity 

levels (section 8.5.2)  and corresponding solution strategies to support effec-

tive adoption across the real estate industry (section 8.5.3). 

8.5.1 Universal implementation process 

Implementing a DBP solution, whether for a single building or an entire build-

ing stock, often requires a substantial change process. To address this, a simple 

but universal implementation process is proposed, providing actors with a 

structured project management framework that can be adapted to specific sce-

narios. This process aims to support the successful adoption and operation of 

DBPs by offering guidance on key steps. Among other objectives, it seeks to: 

 

• Ensure the success of the DBP implementation process. 

• Guarantee that the DBP functions according to defined requirements. 

• Define responsibilities and work packages for involved actors. 

• Facilitate and enhance collaboration between DBP providers and pur-

chasers. 

• Generate learnings for future implementations. 

The process consists of four main phases: initiation, preparation, launch, and 

monitoring (Figure 8.6). These phases are interconnected, allowing for fluid 

transitions; for example, tasks from the preparation phase may remain relevant 

during the launch or monitoring phases. Actors are encouraged to adapt this 

reference process, whether in a linear or non-linear (e.g., agile) approach, 

based on their specific needs. 
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Figure 8.6: Universal implementation process for digital building passports 

The initiation phase begins when an actor, such as a building owner, identifies 

a need for a DBP solution. This need may stem from challenges or opportuni-

ties related to: 

• Real estate management throughout the building life cycle, such as 

missed targets or opportunities. 

• Information management issues, including missing or poor-quality data 

and inefficient processes. 

• Challenges in implementing BISs or information systems in general. 

• Opportunities to enhance economic, environmental, or social perfor-

mance through improved decision-making. 

Motivations and expectations for DBPs vary by actor, influenced by individual 

circumstances. Purchasers require solutions aligned with their specific needs, 

while providers must communicate the functions and value of their DBP of-

ferings transparently. 

The preparation phase involves establishing the necessary organizational, 

data-related, technological, and financial resources to launch a DBP. A de-

tailed inventory process, conducted in collaboration with the DBP provider, 

ensures that requirements, e.g. based on the requirement profile of this thesis 

(chapter 5), are met. Key tasks in this phase include: 

Initiation

–

Identify the need
for a DBP
solution

Step 01

Preparation

–

Set up resources, 
collect and 

digitize data, 
engage 

stakeholders

Step 02

Launch

–

Go live with the 
DBP and provide 

initial user 
support

Step 03

Monitoring

–

Track usage, 
improve system, 
and support long-

term operation

Step 4
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• Identifying internal and external information sources to collect compre-

hensive building-related data. 

• Engaging stakeholders across the building lifecycle, such as architects, 

service providers, and public authorities. 

• Digitizing hardcopy documents to create machine-readable data, where 

possible. 

• Collecting and cleansing data to achieve the quality required for integra-

tion into the DBP data model. 

• Planning and managing the financial, human, and technological re-

sources necessary for implementation and ongoing use. 

This phase emphasizes collaboration between DBP purchasers and providers, 

with providers playing a key role in offering supportive services such as user 

training and data collection. A strategic plan should also be developed, outlin-

ing necessary steps, timelines, responsibilities, and barriers to manage during 

the launch. 

The launch phase marks the point when the DBP solution goes live. While 

this phase can theoretically be reduced to a single moment, defining a distinct 

launch window can ensure sufficient resources are allocated to address poten-

tial challenges and facilitate user training. Feedback collected during this 

phase can be invaluable for both the purchaser and provider. 

The monitoring phase begins once the launch phase concludes and extends 

indefinitely. The goal is to analyze the DBP's usage, identify areas for im-

provement, and implement necessary changes. Monitoring can address data, 

functions, processes, and ICTs, benefiting specific buildings, building stocks, 

or future implementations. This phase ensures the dynamic and evolving na-

ture of DBPs is effectively managed, reinforcing their long-term value. 

8.5.2 Levels of expertise and digital maturity 

Potential users of DBPs are inherently heterogeneous, reflecting the diverse 

range of actors across the real estate industry that the system is intended to 

support. This diversity results from variations in organizational size, resource 

availability, degrees of specialization, and approaches to managing building-

related information. While institutional real estate companies managing large 
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portfolios often demonstrate advanced capabilities, including the use of BISs 

and proactive information management, smaller organizations or private 

building owners may operate with limited experience and fewer digital re-

sources. 

To address this heterogeneity, a classification is proposed that groups actors 

based on their expertise and digital maturity. The goal is twofold: First, to help 

real estate actors understand their own readiness and identify practical steps 

for DBP adoption. Second, to enable DBP providers and developers to design 

tailored solutions and onboarding strategies that reflect the needs of different 

user groups. 

The classification framework considers five core dimensions: specialization 

in life cycle tasks, availability of building-related data, degree of data digital-

ization, availability of financial, human, and technological resources, experi-

ence with BISs. 

The resulting maturity levels, summarized in Table 8.5, range from Level 0 

(no readiness) to Level 5 (high digital maturity). Each level is characterized 

by typical actor profiles and a distinct combination of capabilities. This struc-

ture enables actors to assess their starting point, recognize their current gaps, 

and define a targeted transformation strategy. At the same time, it supports 

providers in aligning tools and processes with real-world user conditions. 

  



8  Implementation and feasibility 

346 

Table 8.5: Classification of real estate actors by expertise and digital maturity 
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0 zero zero zero zero zero Actors that just start their 

role in the real estate indus-

try 

1 low low low low little Private building owners, 

small non-profit-oriented 

companies  

2 Low to 

medium 

low low Medium 

to high 

little Privileged private building 

owners, lagging real estate 

companies 

3 Low to 

medium 

Medium 

to high 

varying low little Real estate companies with 

good information manage-

ment but little resources, 

mostly small firms 

4 Medium 

to high 

Medium 

to high 

varying Medium 

to high 

medium Mostly large real estate 

companies with good infor-

mation management and 

good availability of re-

sources 

5 high high high high Medium 

to high 

Mostly large real estate 

companies (innovators, 

early adopters) 

 

Although actors may not fully align with a single level in practice, the classi-

fication offers sufficient granularity to guide both implementation planning 

and long-term digital development across the industry. As shown in Figure 

8.7, regardless of their starting position in terms of specialization or available 

resources, actors can improve their digital maturity by focusing on increasing 

the availability, digitization, and overall quality of building-related data. This 

provides a foundation for more advanced applications and supports long-term 

readiness for DBPs. 
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Figure 8.7: Transformation pathways for different actors to reach digital maturity 

8.5.3 Tailored solution strategies based on actor 
maturity 

The classification introduced in the previous section provides a structured ba-

sis for identifying the capabilities, needs, and constraints of different actor 

groups. This section builds on that foundation by outlining the types of DBP 

solutions best suited to each maturity level. It aims to support developers and 

providers in tailoring system design to real-world conditions across the real 

estate industry. 

At ‘Level 0’, none of the defining characteristics are met. This category may 

include individuals entirely new to the real estate industry, such as first-time 

property owners. While these actors are unlikely to demand comprehensive 

digital solutions in the short term, basic tools that enable initial data collection 

and familiarization with digital formats can create future entry points. From a 
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provider perspective, this level highlights the value of simple, low-effort of-

ferings that require minimal input and no prior knowledge. 

At ‘Level 1’, actors demonstrate low specialization, limited data availability, 

and minimal digitalization. Typical examples include private building owners 

or small non-profit organizations. For these users, providers should focus on 

straightforward, low-cost DBP solutions with minimal complexity. Such sys-

tems should enable basic data management and gradual engagement with dig-

ital information, laying the foundation for more advanced use over time. 

At ‘Level 2’, actors such as municipal housing companies begin to engage 

with digitalization but often face internal barriers, including cultural resistance 

or a lack of process integration. For this group, providers should offer struc-

tured onboarding services, including basic training, guided implementation, 

and integration support. Incremental and modular system designs are espe-

cially valuable, as they allow gradual alignment with existing workflows and 

resource capacities. 

At ‘Level 3’, actors typically possess some digital infrastructure and experi-

ence in information management but may operate with limited budgets or re-

main skeptical about the added value of new systems. Customizable and cost-

transparent solutions are key at this level. Providers should demonstrate long-

term value through use cases, reference projects, or return-on-investment ar-

guments, while offering functionality that integrates well with existing tools. 

At ‘Level 4’, organizations are digitally competent and have access to appro-

priate resources. These actors benefit most from solutions that emphasize in-

teroperability, semantic data models, and integration with existing BISs. Pro-

viders should support internal capacity building and offer advanced features 

that align with organizational strategies, such as lifecycle cost analysis, sus-

tainability reporting, or performance benchmarking. 

At ‘Level 5’, actors are digitally mature and often drive innovation them-

selves. They typically seek highly customizable, advanced solutions, and may 

actively participate in system development. Providers should focus on co-de-

velopment partnerships, support for emerging technologies (e.g., AI, IoT), and 
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open interfaces for integrating specialized tools. These actors often serve as 

early adopters or reference users within the broader industry. 

This maturity-based alignment of solution strategies provides a practical 

framework for supporting adoption across diverse actor groups. It allows pro-

viders to meet users where they are, while encouraging engagement with dig-

ital systems that are appropriate to their needs and capabilities. 

8.6 Recommendations and further 
development 

Building on the analysis and proposals presented in this thesis, this section 

provides targeted recommendations for supporting the further development, 

implementation, and long-term integration of DBPs. These recommendations 

address the perspectives of developers, users, public authorities, and research-

ers, offering practical guidance for improving DBP design, promoting adop-

tion, and strengthening their role in life cycle-oriented information manage-

ment. The structure reflects key areas of action: technical and strategic 

development 8.6.1, implementation practices (8.6.2), operational maintenance 

(8.6.3), regulatory support (8.6.4), and future research needs (8.6.5). 

8.6.1 Design and development 

Recommendations for the design and development of DBPs are grounded in 

the findings of this thesis and focus on practical guidance for developers. 

These are divided into tool-related aspects, which emphasize technical and 

functional considerations for LC-BISs, and business-related aspects. 

DBPs should be developed with: 

• Alignment with functional requirements: Focus on essential life cycle 

tasks such as improving data governance, ensuring accessibility, and sup-

porting decision-making, as defined in the requirement profile. 

• Defined system boundaries and roles: Clarify the scope and responsibil-

ities of the DBP within the broader system landscape to enhance usability 

and interoperability. 
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• Gradual migration pathways: Provide practical tools for transitioning 

from traditional portfolio management systems to DBPs, ensuring data 

consistency and improved granularity. 

• Integration with complementary systems: Enable the DBP to function 

alongside existing BISs, including BIM and ERP, while maintaining fo-

cus on the unique roles of each system. 

• Implementation of ISA elements: Prioritize the development of users, 

functions, data, ICTs, and processes, with a focus on robust data model-

ing, secure cloud-based infrastructures, and scalable system architec-

tures. 

Building on section 8.4, the business strategy for DBPs should emphasize cre-

ating value for users and enabling market adoption through targeted and adap-

tive approaches. Developers should: 

• Focus on real estate companies as initial users: Engage expert actors who 

already manage extensive portfolios and have advanced information 

needs, providing a foundation for meaningful feedback and early adop-

tion. 

• Refine the value proposition: Offer solutions tailored to key pain points 

in information management, such as streamlining compliance or enhanc-

ing data quality. 

• Gradually expand customer segments: Target additional users, such as 

public institutions or small-scale property owners, adapting the DBP of-

fering to meet their specific needs. 

• Utilize established industry networks: Leverage existing connections 

within the real estate and construction sectors for awareness-building, 

distribution, and support. 

• Adopt flexible pricing and revenue strategies: Provide accessible entry-

level pricing while offering advanced features or modules for additional 

fees, ensuring a broad appeal while maintaining profitability. 

• Enhance customer engagement: Actively involve users in co-developing 

new functionalities and services, utilizing structured feedback mecha-

nisms and collaborative initiatives. 
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• Encourage complementary partnerships: Collaborate with industry stake-

holders, service providers, and technology developers to increase the 

DBP’s value proposition and market reach. 

• Incorporate insights into automation: Streamline repetitive processes 

while balancing automation with personal assistance to enhance overall 

user satisfaction. 

By addressing these structured recommendations, developers can create DBP 

solutions that are well-integrated, user-oriented, and aligned with the broader 

lifecycle management framework, while ensuring long-term sustainability in 

a competitive market. 

8.6.2 Implementation and use 

The implementation and use of DBPs should align closely with the transfor-

mation pathways outlined in Section 8.5, emphasizing a gradual, systematic 

approach to integrating DBPs into existing workflows and processes. DBP 

owners, particularly institutional users, are encouraged to build on the identi-

fied steps for transforming information management practices. 

A central recommendation is to anchor DBP implementation in established 

organizational strategies for information management. This includes aligning 

the adoption of DBPs with ongoing efforts to enhance data governance, pro-

cess efficiency, and decision-making across the building lifecycle. By focus-

ing on strategic alignment, users can ensure that DBPs complement existing 

systems and organizational goals. 

Implementation should proceed incrementally, leveraging structured path-

ways. Key actions include: 

• Building necessary resources for DBP use: Allocate time, personnel, and 

technical infrastructure to support the integration of DBPs, ensuring read-

iness for adoption. 

• Defining roles and responsibilities: Clearly assign tasks related to DBP 

management, ensuring effective coordination between internal teams and 

external service providers. 
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• Engaging stakeholders: Foster collaboration and buy-in from actors in-

volved in the building life cycle, including external service providers. 

For sustained use, owners should focus on maximizing the DBP’s value by 

embedding its use in daily workflows and life cycle management processes. 

This includes: 

• Fostering continuous improvement: Regularly update data, refine pro-

cesses, and ensure the DBP remains a relevant and effective tool for de-

cision-making. 

• Identifying and leveraging use cases: Highlight specific scenarios where 

DBPs can deliver measurable benefits, such as compliance reporting, 

portfolio analysis, or maintenance planning. 

• Encouraging innovation and feedback: Use structured mechanisms to 

collect user feedback, enabling iterative improvements and alignment 

with evolving needs. 

To fully realize the potential of DBPs, owners should seek to integrate com-

plementary technologies and approaches that enhance their utility. For exam-

ple, integrating DBPs with building automation systems or energy monitoring 

tools can expand their capabilities and drive efficiency.  

8.6.3 Maintenance and administration 

The maintenance and administration of DBPs are critical for ensuring their 

long-term functionality, usability, and relevance. This section builds on the 

inherent DBP functions (section 7.2.2) specified in the thesis, while aiming to 

meet system-related requirements (section 5.6). Practical recommendations 

are given for DBP owners and service providers responsible for sustaining the 

system throughout its life cycle. 

Effective maintenance begins with the establishment of clear management 

frameworks that address preventive maintenance, error handling, and system 

updates. Service providers and DBP owners should adopt standardized proce-

dures that ensure continuity and adaptability. Key steps include: 
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• Implementing preventive maintenance processes: Proactively monitor 

and address potential issues to minimize disruptions and maintain system 

reliability. 

• Standardizing error handling: Develop agile procedures for identifying, 

categorizing, and resolving errors, tailored to their type and impact. 

• Regularly updating security measures: Stay ahead of emerging threats by 

continuously enhancing data protection, user authentication protocols, 

and system defenses. 

To support users and foster engagement, DBP service providers should offer 

a range of support services and communication channels. These efforts should 

include: 

• Providing guidance and training: Ensure that DBP users are equipped 

with the knowledge and skills required to effectively utilize and maintain 

the system. 

• Establishing customer support mechanisms: Create responsive help 

desks or online platforms for addressing user queries and issues 

promptly. 

• Incorporating user feedback: Actively engage users in the system’s de-

velopment by incorporating their input into updates and enhancements. 

Collaboration between DBP owners and developers is essential for leveraging 

synergies and ensuring that the system evolves to meet changing requirements. 

Recommendations include: 

• Coordinating updates and upgrades: Work closely with developers to roll 

out new features, ensuring compatibility and minimizing disruption. 

• Aligning maintenance efforts with lifecycle needs: Tailor administrative 

activities to the building’s lifecycle stages, such as renovations or 

changes in ownership. 

• Exploring complementary business models: Identify opportunities for 

service providers to offer maintenance-related services, such as data 

quality management, application updates, or stakeholder coordination, as 

value-added offerings. 
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Ultimately, the goal of maintenance and administration is to sustain the DBP’s 

relevance and functionality while fostering trust among users. By adopting 

structured processes and collaborative practices, DBP owners and service pro-

viders can ensure the system remains a reliable and effective tool for lifecycle-

oriented information management. 

8.6.4 Regulation 

Regulation plays a crucial role in fostering the adoption and effective use of 

DBPs. Governments and public authorities are in a unique position to establish 

a framework that supports innovation while ensuring trust and compliance. A 

key priority is the creation of clear legal foundations that address the owner-

ship, privacy, and security of building-related data. By defining the rights and 

responsibilities of actors, regulation can build trust in data governance and 

promote transparency. Such frameworks should also ensure alignment with 

existing data protection laws, such as GDPR where applicable, and provide 

guidelines for preventing data misuse. 

To foster collaboration and data sharing, regulations should promote standard-

ized mechanisms to ensure interoperability and accessibility. Incentives such 

as financial support or recognition programs can encourage organizations to 

adopt DBPs and contribute to data ecosystems. Key measures include: 

• Encouraging data sharing through clear protocols and governance struc-

tures that prevent misuse while enabling efficient exchange. 

• Providing incentives for organizations that adopt and integrate DBPs into 

their workflows, such as grants, tax benefits, or public recognition. 

Public authorities themselves can lead by example by integrating DBPs into 

their workflows. For instance, DBPs can be used as gateways for digitizing 

building permit processes, streamlining communication and data exchange be-

tween builders and regulatory agencies. They can also support the creation of 

comprehensive national databases on building stocks, valuable for urban plan-

ning, sustainability initiatives, and evidence-based policy-making. 

Standardization efforts are another critical aspect of effective regulation. Pol-

icymakers should work with industry stakeholders to ensure: 
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• Minimum requirements for data content and functionality, ensuring that 

DBPs operate consistently across different use cases. The taxonomy of 

building-related data needs developed in chapter 3 as well as other pro-

posals such as the requirement profile for LC-BISs and the ISA can serve 

as good starting points. 

• Procedural guidelines for their implementation, including roles and re-

sponsibilities for various actors. 

• Clear differentiation from other digital tools, preventing redundancy and 

clarifying the unique purpose of DBPs. 

By combining clear legal frameworks, incentivized collaboration, public sec-

tor leadership, and standardized requirements, regulations can provide the 

foundation for DBPs to thrive as a tool for lifecycle-oriented information man-

agement. These efforts will not only build trust but also ensure that DBPs con-

tribute to broader societal goals, such as sustainability, efficiency, and im-

proved governance in the built environment. 

8.6.5 Research 

Research plays a vital role in addressing the challenges and opportunities as-

sociated with DBPs. Advancing their development, implementation, and 

adoption requires interdisciplinary and targeted research efforts that bridge the 

gap between theory and practice. This section outlines key areas where re-

searchers, academic institutions, and research-supporting organizations can 

contribute to the successful evolution of DBPs. 

A primary focus of research should be on identifying and addressing gaps in 

building-related information management. This includes exploring the practi-

cal challenges faced by various actors in managing data and understanding its 

value. Key research priorities include: 

• Information management challenges: Investigate how actors manage 

building-related data, including barriers to effective governance and op-

portunities for improvement. 

• Valuation of data and information: Develop methods to quantify the eco-

nomic value, risks, and benefits of data, enabling better decision-making 

and resource allocation. 
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The potential of emerging technologies for DBPs is another crucial area of 

inquiry. Researchers should explore the integration of advanced technologies, 

such as artificial intelligence, semantic modeling, and blockchain, to enhance 

DBP functionality. Emphasis should be placed on their feasibility, scalability, 

and ability to address lifecycle-oriented use cases. 

To ensure practical relevance, research should focus on the application of 

DBPs in real-world contexts. This includes conducting empirical studies to 

evaluate current practices and exploring innovative solutions to address exist-

ing limitations. Examples of practical topics include: 

• Use case development: Identify specific scenarios where DBPs can de-

liver measurable benefits, such as predictive maintenance, compliance 

reporting, or energy optimization. 

• Interoperability solutions: Investigate how DBPs can function alongside 

other systems, ensuring seamless data exchange and integration. 

Standardization and best practices also require significant attention. Research-

ers can support policymakers and industry stakeholders by providing evi-

dence-based recommendations for defining minimum requirements, proce-

dural guidelines, and use case scenarios for DBPs. 

Lastly, research efforts should adopt a holistic and interdisciplinary approach 

to ensure that solutions are robust and applicable across a wide range of con-

texts. Collaboration across disciplines and between academia, industry, and 

public authorities is essential to drive innovation and ensure that DBPs fulfill 

their potential as transformative tools for lifecycle-oriented information man-

agement. 

By addressing these research priorities, the academic community can contrib-

ute to overcoming the barriers to DBP adoption and development while ensur-

ing that these systems remain aligned with the evolving needs of the built en-

vironment. 
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9 Conclusion and outlook 

9.1 Summary of findings 

Within this thesis, a strong foundation could be laid for the future investiga-

tion, development, and implementation of LC-BISs against the background of 

information management in the real estate industry. By systematically dealing 

with both the basics and the details of how LC-BISs can serve as an impactful 

tool, this thesis approached a research gap from different perspectives: On the 

one hand, more clarity could be brought into the aspects of a concept, which 

is in discussion for so long at the brick of theory, practice, and politics. While 

the latest developments in the field have an impact on stressing the importance 

of life cycle information management, they also lead to confusion, especially 

among practitioners. One reason is that numerous initiators follow the phe-

nomenon of “passportization” with more and more proposals for tools with a 

specific functionality. Within this thesis, the differences and similarities be-

tween these tools could be pointed out, while digital building passports serving 

as the key tool to serve as interoperable LC-BISs.  

On the other hand, this thesis can be regarded as a foundational work for the 

field of information management in the built environment, still a niche in re-

search with a strong increase in importance. While the gap for a systematic 

analysis of information needs in the context of LC-BISs could be closed, the 

author made one step further towards interdisciplinarity in real estate research 

by integrating the perspectives of business informatics, a discipline that plays 

a key role in digitalization and automation at the interface of theory and prac-

tice. 

To further summarize the findings of this thesis, it will be explained how the 

research questions posed in section 1.3 could be answered. 

(1) What requirements must a system meet to function as a Life Cycle 

Building Information System (LC-BIS), considering building-related 

data needs, information management challenges, and digital solutions? 
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In order to answer this question, a fundamental perspective was taken on in-

formation management in the real estate industry (chapter 3), building on the 

foundational considerations introduced in chapter 2. First, a definition of the 

term “building-related data” was derived. So far, there is no universal defini-

tion in the real estate industry due to different interpretations of what consti-

tutes a building and misconceptions on data. The given definition therefore 

was built on the core definitions of the two terms, providing essential bound-

aries for the concept but still leaving room to specify building-related data 

more clearly. It was explained that, throughout this thesis, the term was mainly 

used to refer to data on a single building level. 

After explaining when building-related data are primarily created throughout 

the life cycle, types of building-related data were discussed. It was observed 

that there are several criteria to classify building-related data, for example into 

static vs dynamic, alphanumeric vs geometric, or structured vs unstructured. 

Also, the differences between aggregated data, which can be very useful to 

describe building quality characteristics, and raw data, relevant in the form of 

building properties and attributes was explained. The different types of data 

mark an important basis to specify data quality requirements. 

To receive a better understanding on how building-related data actually arise, 

relevant data creation and collection methods were investigated. Special focus 

was laid on data collection by providing essential basics first before analyzing 

relevant data collection methods in the real estate industry. In addition, im-

portant regulatory systems for data creation and collection covering legal re-

quirements and standards to analyze to which extent these processes are built 

standardized conventions. 

The core of chapter 3 was the task-oriented analysis of data needs. First, the 

decision context of actors was analyzed to better comprehend the role of build-

ing-related data for actors. Decisions are often complex and not always ra-

tional. A substantial amount of occasions in which actors require building-

related data could be identified. Then, a step-by-step analysis was carried out 

to determine the data needs throughout the life cycle of buildings. A selection 

was made of relevant tasks that tried to cover building-related data needs ho-

listically, also in respect to potential future data needs, while still being clear. 

For each task area, suitable information sources were analyzed covering 
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research results, industry standards, and legal requirements. The result was 

recorded in a condensed taxonomy of building-related data needs using a sim-

ple but yet effective classification into master data, inventory data, economic 

and legal data, and performance data. A 3-digit enumeration system was ap-

plied to ensure a structured overview. It shows the abundance of relevant data 

points, but also the possibility to concentrate on overarching categories. This 

result provided a strong foundation to determine requirements on a LC-BIS. 

The methodology marks a new approach that decouples from the focus on ac-

tor roles, as present in former studies, which is not suited anymore in times of 

dynamically changing actor roles and constellations.  

Chapter 3 was complemented by an analysis of why the identified data needs 

are typically not satisfied within the real estate industry. A classification was 

made to structure typical issues that impede the information management of 

actors with the lack of needed data in the right quality as a substantial problem. 

In addition, critical points in the building life cycle, industry-specific barriers, 

and typical phenomena as explained by principal-agent-theory were exam-

ined. The classification served to systematically derive potential areas of im-

provement. As one of these areas, the use of BISs was identified which have 

the potential to tackle information management issues in a multi-dimensional 

way. 

The analysis of requirements on LC-BIS was continued in chapter 4 with an 

analysis of the potentials of modern ICT to provide solutions to important in-

formation management aspects including data collection, storage, sharing, 

quality management, analytics, and security. For all of these aspects, specific 

fundamentals, the current state and implementation within the real estate in-

dustry, and their potentials and limitations were examined. Insights include: 

• Data collection: Original data collection, especially collection of geomet-

ric data, is cost-intensive and requires specialized equipment. A smooth 

transfer of these data into LC-BISs is crucial. Secondary data collection 

methods in connection with automated processing capacities, for exam-

ple with the help of OCR and AI, gain importance and provide promising 

opportunities to access data efficiently. 
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• Data storage: LC-BISs must increasingly operate with decentralized data 

storage paradigms to serve actor constellations. Cloud architectures offer 

scalable and flexible options for most use cases. 

• Data sharing: Structured data formats, such as XML, JSON, or IFC, offer 

great potentials to leverage the analytical potential of data but also pose 

strict requirements. Linked data approaches emerge in the industry to 

provide more flexibility, but are not yet established. Platforms and data 

rooms are gaining relevance since they combine several technologies to 

simplify data sharing between actors. 

• Data quality management: It could be observed that the management of 

data quality is complex and that there is no ICT that can cover this task 

alone. A mixture of actions is needed which need to be considered in BIS 

design. 

• Data analytics: There are a lot of potentially beneficial use cases for data 

analytics, often based on AI and ML mechanisms, in the building life 

cycle. One of the biggest challenges however is to ensure the data quality 

required for these approaches. 

• Data security: BISs need profound solutions for access controlling and 

data ownership management. Several options could be discussed includ-

ing their advantages and disadvantages. Blockchain technology is gain-

ing prominence in the real estate industry and can potentially serve as a 

good addition to BISs to establish immutable building records. 

In addition to the potentials, the analysis emphasized relevant features that 

these technologies enable when applied in an information system. This in-

cluded the systems’ reliability, scalability, and interoperability. 

The insights of chapters 3 and 4 were used to specify a profound requirement 

profile in chapter 5. A definition of a LC-BIS was given to provide the basis 

for specifying core functions, system boundaries, requirements on the overall 

usefulness. Hence, the most important function of a LC-BIS is to work as a 

building-related data repository, but a simultaneous usage as documentation 

aid, data quality management tool, and platform for data sharing is beneficial 

as well. Actor-specific requirements on such a tool were summarized and the 

desired data content was specified. In addition to referencing the data needs, 

as identified in chapter 3, the inclusion of different types of data was stressed 
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covering raw data, aggregated data, documents, linked data, and metadata. In 

addition, requirements on data quality and system functionality were posed. 

The essence of the requirements on a LC-BIS was captured in a fact sheet that 

served as the foundation to test the suitability of existing BISs as LC-BIS in 

the following chapter. 

(2) Which types of BISs play a role in managing building-related infor-

mation in theory and practice, and to what extent do they fulfill the re-

quirements of a LC-BIS? 

To answer this question, a systematic literature review was carried out with 

the aim to identify BISs with a potential to serve as LC-BISs (chapter 6). The 

methodology builds on the PRISMA framework. Since the field of BISs in the 

real estate industry is very broad, different sources were used including scien-

tific literature, grey literature, such as industry and policy reports, and the per-

spectives of practitioners based on expert interviews. After carrying out the 

initial research with the determination of a search string and evaluating the 

results of the literature review quantitively, it was decided to analyze relevant 

BISs in functional groups. These included: 

• Building passports, logbooks, and files: This group of systems already 

exists for long, but, while not finding wide adoption in the industry yet, 

are significantly gaining popularity again through new initiatives and 

proposals for their adoption as digital tools. It was found that despite in-

sufficiencies in existing approaches and a strong fragmentation of pro-

posals, their original intent comes very close to the concept of LC-BISs. 

• Topical passport schemes: The phenomenon of “passportization” has led 

to a number of other systems under this terminology. This includes ma-

terial passports, which basically aim to provide a material inventory 

throughout the building life cycle, and renovation passports, which 

should give actionable advice on potential renovation measures to own-

ers. Both aspects are relevant for LC-BISs topical-wise but the systems 

alone do not meet the requirements of a LC-BIS. 

• Virtual building models: The big advantage of BIM and digital twin ap-

plications lies in their capability of visualizing the geometry of buildings 

and offering a structured approach to manage and make use of building-

related data throughout many use cases. Thus, they are suited as LC-BISs 
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very well. However, they also require substantial expertise and upfront 

costs, which is one reason why they are (still) not suited for the majority 

of practitioners. 

• Building information systems with a more specific scope: This group of 

tools, for example including facility management systems and building 

registers, is originally not intended to serve as LC-BISs, but they increas-

ingly cover building-related data more comprehensive and take in im-

portant roles for actors.  

It was found that, while almost all systems tend to move to a higher density of 

building-related data, most of them have a more specific focus on predefined 

tasks or data points. The group of building passports, logbooks, and files was 

identified as most suited to meet the functionality of a LC-BIS. It was therefore 

decided to specify DBPs as LC-BIS. 

(3) How can a common framework be designed to meet the information 

management requirements of LC-BISs, and how can it support their 

practical development and implementation? 

In order to derive a common framework for LC-BISs, their underlying char-

acter as an information system was considered. A proposal was made for an 

ISA that covers and structures all major elements of a DBP in its role as LC-

BIS. These elements which include the functions, data, users, ICTs, and pro-

cesses of such a system, lay the groundwork to comprehensively specify its 

functionality. The ISA was visualized in an architecture model, while inter-

sections to the external environment of the system were specified through sys-

tem boundaries. The model for the ISA was used to step-by-step derive models 

and architectures for the specific views of elements. This included: 

• The specification of inherent and built-up functions with the help of a 

function tree: Inherent functions refer to (administrative) tasks that need 

to be carried out to ensure the basic functionality of the system including 

the management of users, technologies, and processes. Built-up functions 

show what the system can do for the user. Here, the proposal translates 

the requirements from the requirement profile into statically defined 

functions. These functions become “alive” by integrating them with other 
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elements of the ISA in a process. In order to show the practical relevance 

of these abstract functions, relevant use cases were described. 

• The showcasing of suitable data modeling approaches: Based on the tax-

onomy of building-related data needs, the necessary data content was 

specified. In addition, different data modeling approaches were proposed 

depending on the contextual use case. Ontology-based approaches were 

highlighted as a modern and powerful option, especially in connection 

with linked data implementations, while non-expert domains might still 

rely more on a less structured data model as indicated by the taxonomy 

of data needs. 

• A user model, which specified relevant user information in the system. It 

lays the groundwork for implementing an access strategy, a data owner-

ship model, and personalization to enhance usability. It was proposed to 

primarily focus on a RBAC model to ensure controlled access and secu-

rity as well as a decentralized data ownership approach so that users re-

main in control over their data and develop trust into the system. 

• A technology framework that specifies the most important technologies 

for LC-BISs. A three-tier architecture is proposed with a cloud architec-

ture and security measures functioning as core technologies. The archi-

tecture enables a modular employment and enhancement with additional 

technologies, such as microservices, linked data, blockchain, and APIs. 

Conceptual proposals on how these technologies can be integrated were 

given. 

• A process model integrating all other elements to ensure the functionality 

of the system. In addition to explaining internal information flows within 

the system, a job-sharing approach with other BISs was made. In addi-

tion, a process modeling approach was chosen to showcase how the sys-

tem operates and how it integrates the different elements of the system. 

By structuring a DBP in this way, a strong foundation was created for practical 

implementations that has its focus on semantics but considers technical views 

as well. In addition, the gap between fragmented ideas for the functionality of 

DBPs, formed within recent years, and a holistic conceptualization could be 

closed. 
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In order to assess the possibilities for a practical implementation of DBP, as 

specified in chapter 7, a best-case scenario for implementation throughout the 

life cycle was specified at the beginning of chapter 8. This scenario combined 

an optimal use of DBPs to improve information management in the life cycle 

with the functionality of the ISA and other proposals within this thesis in this 

regard. Based on this and with the help of expert interviews, the proposals 

were validated. Potentials as well as barriers and challenges were discussed. 

Two substantial barriers were identified in the economically viable implemen-

tation as well as the low level of expertise and digitization among practition-

ers. In order to address the crucial aspect of economic viability of such a tool, 

different economic implementation options were discussed first before elabo-

rating on elements of potential business models. In order to provide actionable 

advice on how to implement DBPs, actor-specific transformation pathways 

were developed considering their level of expertise and digital maturity. Fi-

nally, a condensed list of advices was created for the main addressees of this 

thesis including practitioners, regulators, and researchers. 

9.2 Limitations 

While this thesis provides a valuable contribution to the field of information 

management in the real estate industry and its connection to BISs, it is subject 

to several limitations. These can be categorized into methodological, practical, 

content-related, and contextual constraints. 

Methodological limitations: To address the diverse research questions posed, 

a mix of methods was employed. However, this approach carries inherent lim-

itations. Thematically, the thesis delves into a niche field of research, focusing 

on information management for single buildings and its connection to BISs, a 

subject that has received limited explicit attention in the literature. This nas-

cent state of the research field required building on a narrow foundation, 

which, while challenging, also allowed the thesis to pioneer an interdiscipli-

nary perspective that bridges the BIM, informatics, and building ownership 

domains. 

The selection of literature for analyzing information management in the real 

estate industry and the potentials of ICT reflects the author's expertise and 
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perspective. Despite efforts to adopt a holistic approach and integrate expert 

interviews, the structure and prioritization of content remain subjective and 

debatable. Similarly, the systematic review of existing BISs aimed to provide 

an unbiased and representative analysis by incorporating both theoretical and 

practical viewpoints. However, the breadth of approaches in theory and prac-

tice made it impossible to include all potential variants, particularly concern-

ing system-specific implementations. 

Data collection was further limited when addressing barriers, economic con-

siderations, and actor-specific implementation options. While realistic scenar-

ios were discussed to provide actionable insights, the exploration of alternative 

scenarios and deeper practical nuances was constrained by the available data 

and scope of the study. 

Analytical limitations also emerged, particularly in deducing information 

needs from diverse literature and generalizing information management prob-

lems into categories. While these analyses provide valuable insights, their 

broad scope and complexity leave room for further exploration. Similarly, the 

requirement profile for LC-BISs was developed based partly on hypotheses 

and general consensus, aligning with literature but influenced by the author's 

focus and interpretation. 

Practical limitations: This thesis aimed to address a specific research gap ho-

listically. However, given the scope and nature of the study, the research could 

only provide qualitative and conceptual insights. Practical development, such 

as creating a prototype for the proposed models or systems, was not feasible 

within the constraints of this work. Developing a prototype would require ad-

ditional skills, resources, and a more focused scope, which could risk narrow-

ing the interdisciplinary perspective prioritized in this research. 

Content-related limitations: Certain limitations also pertain to the content of 

this thesis, influenced by practical and methodological constraints. The broad 

scope of information management and BISs in the real estate industry meant 

that not all aspects could be covered in detail. Decisions on the level of ab-

straction were made contextually throughout the thesis, leading to constraints 

in areas such as: 
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• Specifying data needs across the building life cycle, where the condensed 

list of data points could be endlessly detailed. 

• Elaborating on information management problems, which could consti-

tute a separate research focus. 

• Avoiding overly detailed descriptions of ICT fundamentals to maintain 

relevance to the study's goals. 

• Detailing all aspects or possibilities relevant to ensuring data and system 

quality in a LC-BIS. 

• Detailing specific BIS functions identified in the literature review. 

• Developing overly detailed submodels within the ISA in the results sec-

tion 

• Discussing all potential dimensions relevant for DBP implementation. 

These limitations were carefully chosen, weighing the costs and benefits of 

additional detail. In some cases, such as developing a semantic data model or 

a comprehensive process model for DBPs, the complexity would exceed the 

scope of this thesis and require the resources of a dedicated research project. 

Contextual limitations: The findings of this thesis are primarily applicable to 

the European, particularly German, context. This focus reflects the predomi-

nance of relevant literature, expert input, and the author's background. While 

the research offers globally relevant insights, other regions may require differ-

ent focal points and functionalities in tools such as DBPs. 

Temporally, the dynamic nature of the field also imposes limitations. Devel-

opments in politics, regulations, and digitalization may render some findings 

outdated over time. Nevertheless, the European and German perspective was 

intentionally chosen to provide targeted assistance in these contexts. 

By acknowledging these limitations, the thesis highlights the complexity of 

the research field while emphasizing its contributions. These constraints also 

present opportunities for future research to deepen and expand on the insights 

provided, fostering further development in this interdisciplinary domain. 
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9.3 Outlook 

This thesis has laid a substantial foundation for clarifying the premises and 

functionality of DBPs. While providing valuable insights, it also highlights 

several areas that warrant further exploration, practical application, and 

broader contextual consideration. 

Future research directions include the continuous exploration of emerging 

technologies and the potential of digitization and automation in streamlining 

information management processes. Future studies could focus specifically on 

the interfaces and synergy effects of combining different technologies to en-

hance the use case of DBPs. Additionally, there is a need for more actor-spe-

cific research to better understand the diverse requirements of actors in infor-

mation management, both generally and in relation to DBPs. While highly 

advanced concepts and technologies are essential to push boundaries, research 

must also bridge the gap to actors with fewer resources or lower levels of ex-

pertise. Investigations could explore pathways to support these actors, either 

by guiding them toward adopting advanced solutions or by identifying practi-

cal, achievable alternatives that align with their capabilities. 

Practical implications were outlined in section 8.6, where several actionable 

proposals were presented for advancing the use, development, and implemen-

tation of DBPs, addressing the roles of theory, practice, and policy. Close col-

laboration between the various actor groups will be crucial for progress in this 

domain. It is vital that all actors, solution providers, practitioners, policymak-

ers, and others, can clearly identify their roles and contributions to further ad-

vancements. The findings of this research offer a robust foundation enabling 

them to better understand DBP functions and leverage their benefits.  

For policymakers, this thesis serves as a tool to comprehend the potential of 

DBPs as a policy instrument, paving the way for their adoption in strategies 

aimed at improving information management in the built environment. Be-

yond this, the work may prove particularly relevant for standardization efforts 

concerning DBPs. The taxonomy of building-related data developed herein 

adopts a classification logic familiar to the industry, similar, for instance, to 

the structure of DIN 276 (building costs). Further standardization could also 
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focus on core DBP functions and how they are to be applied consistently 

across building life cycle stages. 

This research is situated at the intersection of ongoing megatrends, themati-

cally and temporally. It demonstrates the role of interdisciplinary research, 

particularly the application of business informatics, to address a research gap 

within the real estate industry. Digitalization serves as both a boundary condi-

tion for this field and a target for improvement, with the results of this thesis 

contributing to the broader goal of enhancing digital transformation in the built 

environment. Similarly, sustainability, while not the original focus of this re-

search, is a driving force shaping the requirements for information manage-

ment in the built environment. Robust solutions like DBPs can play a signifi-

cant role in advancing sustainable practices by enabling better decision-

making, resource optimization, and transparency across the building life cycle. 

Looking ahead, DBPs hold the potential to substantially improve key tasks in 

real estate management. Based on the results of this thesis, future applications 

may include: 

• Streamlining construction documentation 

• Standardizing and digitizing building handover 

• Facilitating transparent real estate marketing 

• Supporting asset management throughout the life cycle while informing 

long-term renovation planning and deconstruction 

• Enabling automated property valuation, risk assessments, and perfor-

mance assessments 

These examples underline the practical relevance of DBPs and their capacity 

to support data-driven decision-making across the building life cycle. 

Achieving widespread adoption of DBPs in the functionality proposed in this 

thesis presents notable challenges and risks. Effective, efficient, and econom-

ically viable implementation of these tools will require concerted effort and 

commitment from all actors involved. While the concepts and technologies 

exist, and the will to improve is evident, the collaboration and coordination 

necessary to achieve this vision remain a complex task. 
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Nevertheless, the author is optimistic that even small steps in the right direc-

tion will gradually lead to DBPs becoming the transformative tools they are 

intended to be, unlocking their full potential in advancing information man-

agement and sustainable practices within the built environment. 
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A Appendix chapter 2 

A.1 Real estate management 

A.1.1 Integration of life cycle perspectives 

Table A.1: Comparison of life cycle definitions from a building and task-oriented perspec-

tive based on (Alda & Hirschner, 2016; AHO, 2020; DIN EN 15978:2024-05) 

Life cycle standardization (build-

ing perspective) 

Task-oriented life cycle stages 

(performance perspective) 

Production 

Raw material supply (A1) 

Transport (A2) 

Manufacturing (A3) 

Project development 

Initiation 

Conception 

Construction 

Transport (A4) 

Construction/installation (A5) 

Construction project manage-

ment 

Project preparation 

Planning 

Execution preparation 

Execution 

Project completion 

Use 

Use (B1) 

Maintenance (B2) 

Repair (B3) 

Replacement (B4) 

Refurbishment (B5) 

Operational energy use (B6) 

Operational water use (B7) 

Additional user activities (B8) 

Operation 

Facility management 

Technical building management 

Infrastructural building manage-

ment 

Commercial building management 

Space management 

End-of-life 

Deconstruction/demolition (C1) 

Transport (C2) 

Exploitation 

Disinvestment 

Deconstruction/demolition 
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Waste processing (C3) 

Disposal (C4) 

New project development 

 

A.2 Information modeling 

A.2.1 Information system modeling 

Table A.2: The nine principles of information system architecture based on Sunyaev (2020, 

pp. 27–34) 

Nr. Principle 

1 An architecture models information system boundaries, inputs, and 

outputs. 

2 An information system can be broken down into a set of smaller sub-

systems. 

3 An information system can be considered in interaction with other 

systems. 

4 An information system can be considered through its entire life cycle. 

5 An information system can be linked to another information system 

via an interface. 

6 An information system can be modeled at various abstraction levels. 

7 An information system can be viewed along several layers. 

8 An information system can be described through interrelated models 

with given semantics. 

9 An information system can be described through different perspec-

tives 
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A.2.2 Business modeling 

Table A.3: Building blocks in the Business Model Canvas based on Gründerplattform (2025) 

Building block 

BMC 

Relevant  

Value proposition What customer needs does the business satisfy? 

Customer seg-

ments 

Which customers does it serve? 

Channels  How does the business communicate and deliver 

value to the customer? 

Customer relation-

ships 

What type of relationship is created to customers? 

Revenue streams How does the business make income from customers? 

Key activities Which actions are necessary to execute the value 

proposition? 

Key resources Which resources, such as financial or human re-

sources, are needed? 

Key partners Does the business run partner networks to achieve its 

goals? 

Cost structure Which costs occur throughout the business? 

A.2 Information modeling
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B Appendix chapter 3 

B.1 Expert interviews and consultations 

B.1.1 Documentation of interviews 

The expert interviews and consultations documented in this section were pri-

marily conducted to support the validation of the developed concepts in chap-

ter 8, particularly the information system architecture (ISA) for DBPs (chapter 

7). In addition to this validation role, selected insights were retrospectively 

integrated into earlier chapters (notably chapters 3, 5, and 6) to complement 

the literature-based analysis with practice-oriented perspectives. 

The interviews represent the empirical component of the thesis and aimed to 

assess the practical relevance, feasibility, and completeness of the proposed 

concepts from the perspective of professionals in the real estate industry. Eight 

interviews and consultations were conducted, including academic presenta-

tions with open feedback discussions and semi-structured interviews with in-

dustry experts. 

The interviews followed a semi-structured format based on a guiding frame-

work (section B.1.2), with adaptations made depending on the role and exper-

tise of each interviewee. Interview durations were approximately 45 minutes 

and covered topics such as data needs, current practices, relevant system func-

tions and technologies, as well as implementation opportunities and chal-

lenges. 

The following table documents each interview or consultation, including its 

date, the role of the participant, and the key topics discussed. 
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Table B.1: Documentation of expert interviews 

Type of con-

sultation 

Date Name 

event / 

Role of in-

terview 

partner 

Contents 

Conference 

paper 

presentation  

13.11.2022 SBEfin 22 Presentation and discussion of 

the historical background on 

building passports, data require-

ments, functions, and job-shar-

ing possibilities with other BISs  

Conference 

paper 

presentation 

13.06.2024 WSBE 24 Presentation and discussion of 

the proposal of an ISA for DBPs 

including the specification of 

data, functions, user, technology, 

and process element 

Expert inter-

view 

14.11.2024 Sustaina-

bility man-

ager in a 

municipal 

housing 

company 

Discussion on potential data 

needs for sustainability manage-

ment and housing companies in 

general; discussion on require-

ments on a LC-BIS, the elements 

of the ISA, economic implemen-

tation options and challenges as-

sociated with that 

Expert inter-

view 

02.12.2024 Sustaina-

bility man-

ager in a 

municipal 

housing 

company 

Discussion on potential data 

needs for sustainability manage-

ment and housing companies in 

general; discussion on elements 

of the ISA, economic and actor-

specific implementation options 

and challenges associated with 

that 
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Expert inter-

view 

03.12.2024 Digitaliza-

tion man-

ager in a 

real estate 

company 

Discussion on the use of infor-

mation systems in real estate 

companies, the level of digital 

maturity, and the opportunities 

and challenges of implementing 

new information systems 

Expert inter-

view 

17.01.2025 Architect 

in a real es-

tate com-

pany  

Discussion on data needs for real 

estate management and on the 

possibilities to provide these 

data by planers, on the intercon-

nection between information 

management and sustainable 

practices, and on the proposals 

for the data content of a DBP; 

discussion on the structure of a 

DBP and on the potential oppor-

tunities and challenges for its 

practical implementation 

Expert inter-

view 

24.01.2025 Asset man-

ager in a 

real estate 

fund man-

ager 

Discussion on current practices 

in asset management to collect 

and manage building-related 

data, especially in connection 

with transactions and due dili-

gence; discussion on the pro-

posal of data contents for a DBP, 

the opportunities and challenges 

to ensure data quality, and the 

proposal on implementation 

roadmaps of different actors 

B.1  Expert interviews and consultations 
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Expert inter-

view 

06.02.2025 Head of 

property 

manage-

ment of a 

digital 

property 

manage-

ment com-

pany 

Discussion on the core activities 

and data needs of property man-

agement in comparison to facil-

ity and asset management; dis-

cussion on the use of BISs and 

technologies to collect building-

related data for property man-

agement; discussion on the pro-

posal of data contents in a DBP 

as well as the opportunities and 

challenges in terms of practical 

implementations; Notice on the 

importance of decision support 

of BISs 

 

B.1.2 Interview guide 

This guide was used to conduct semi-structured expert interviews as part of 

the empirical component of the thesis. The objective of the interviews was to 

evaluate key concepts, requirements, and architectural considerations for 

DBPs from the perspective of potential users and stakeholders in the real estate 

industry. 

The interview questions were designed to provide orientation and ensure cov-

erage of core thematic areas relevant to the research. At the same time, a flex-

ible approach was applied to allow for adaptations based on the individual 

roles, expertise, and experiences of interviewees. Depending on the situational 

flow of the conversation, questions were sometimes reordered, omitted, or 

supplemented with follow-up questions to explore specific insights in greater 

depth. 

The interview was typically planned to last around 45 minutes. 

The interview guide is structured into the following thematic sections: 

1 Familiarity with the concept 
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Have you encountered digital building passports or similar instruments (e.g., 

building files, house logbooks) in your professional work or otherwise? 

If yes: 

• What functions or characteristics do you associate with them? 

• What have been your experiences so far? 

 

If no: 

• Based on the term alone, how would you expect such an instrument to 

function? 

 

2 Use of Building-related data 

2.1 In your area of responsibility within the real estate industry, what kind of 

building-related data do you typically need or work with? 

 

2.2 How do you currently access, manage, or store such data? 

 

2.3 Are there any recurring challenges in the way building-related data are 

handled? 

 

3 Use of Building Information Systems 

3.1 Do you or your organization currently use any digital systems or tools to 

support building-related information management (i.e. building information 

systems)? 

 

3.2 If yes: 

• Which systems or tools are used? 

• What is their primary function and what value do they offer? 

• How are different systems distinguished or integrated? 

   B.1  Expert interviews and consultations 
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3.3 If no: 

• Can you imagine using such a system in the future? 

• What conditions would need to be met for you to consider its imple-

mentation? 

 

4 Evaluation of the Proposed Concept 

Introductory framing (to be read or briefly summarized by the interviewer): 

In this thesis, a digital building passport is defined as a system that supports 

building owners and other stakeholders in managing building-related infor-

mation across the entire life cycle of a building. 

It integrates functions for collecting, storing, sharing, and using data, aiming 

to improve information availability, consistency, and quality. Based on this, a 

requirement profile was developed, outlining what such a system should ide-

ally provide – including core functions (like data storage, documentation, 

communication), types of building-related data, and the use of modern infor-

mation technologies. 

These elements are brought together in a proposed Information System Archi-

tecture (ISA), which structures the passport’s components and clarifies its role 

within the broader ecosystem of digital tools. 

(The concept and visual summary may be presented briefly here) 

4.1 Based on this understanding, how do you assess the overall relevance 

and practical value of a digital building passport for your work or the indus-

try more broadly? 

 

4.2 Do the proposed functions align with what you would expect from such 

a system? Are there key functions that should be added, modified, or removed? 
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4.3 Regarding the building-related data, which data types do you consider 

essential for inclusion in a building passport? Are there data you consider less 

important or difficult to maintain? 

 

4.4 From a technical perspective, which information technologies or fea-

tures (e.g. digital access, data interoperability, integration with other systems) 

do you view as particularly important for the system to work effectively in 

practice? 

 

4.5 (Optional) One idea in the architecture is that the passport could act as a 

building-level interface, coordinating with other digital tools (e.g. BIM, 

BAMS). What would be necessary, in your view, to make such a setup feasi-

ble? 

 

5 Implementation Opportunities and Risks 

5.1 What do you see as the main opportunities for implementing digital 

building passports (e.g., technical, economic, or organizational benefits)? 

 

5.2 What are the biggest challenges or risks that need to be addressed for 

successful implementation and adoption? 

 

6 Open Reflection 

6.1 Are there any additional aspects or concerns you would like to raise re-

garding the topic? 

 

6.2 Based on the proposed concept, how would you assess the chances for 

broader dissemination and practical use of digital building passports? 

B.1  Expert interviews and consultations 
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B.2 Construction documentation based on 
HOAI 

Table B.2: Basic and special services for buildings and interiors within the HOAI based on 

(HOAI, 2013) 

Phase Basic services Examples of Special 

services 

1. Basic evaluation Clarify objectives, site 

inspection, summarize 

results. 

Needs assessment, site 

analysis, feasibility 

studies. 

2. Preliminary design Develop preliminary 

design, cost estimation, 

prepare schedule. 

Alternative solutions, 

financing plans, room 

books. 

3. Design development Refine design, cost cal-

culation, update sched-

ule. 

Cost investigations, up-

dating room books, 

economic analysis. 

4. Approval planning Prepare and submit ap-

proval documents, ad-

just designs as re-

quired. 

Assistance with con-

sents, technical proofs, 

legal support. 

5. Construction draw-

ings 

Prepare detailed plans, 

coordinate with partici-

pants. 

Review contractor 

plans, material plan-

ning. 

6. Preparation of ten-

dering 

Create specifications, 

bill of quantities, com-

pile tender documents. 

Advanced cost break-

downs, alternative 

specifications. 

7. Participation in ten-

dering 

Evaluate bids, compare 

prices, prepare award 

proposals. 

Review alternative of-

fers, financial planning 

support. 

8. Construction super-

vision and documenta-

tion 

Monitor construction, 

track costs, compile ob-

ject documentation. 

Progress reporting, cost 

control, health and 

safety oversight. 

9. Object support Warranty monitoring, 

inform client, coordi-

nate measures. 

Maintenance regula-

tions, technical evalua-

tions, defect review. 
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B.3 Actor roles in building-related tasks 

Table B.3: Actor roles in building-related tasks 
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Building owners (x) x (x) (x) x (x)  x x 

Landlords (x) x (x) (x) x (x)  x x 

Investment managers (x) x (x) (x) x (x)  x (x) 

Portfolio managers (x) x (x) (x) x (x)  x (x) 

Asset managers (x) x (x) (x) x (x)  x (x) 

Property managers  x  (x) (x)   (x) (x) 

Facility managers  x      (x) (x) 

Financiers, banks (x) (x) (x) (x) x   x x 

Insurer (x) (x) (x) (x) x   (x) (x) 

Real estate agents (x) (x)    x    

P
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-o
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 Building product manufac-

turers 
x (x) x     (x)  

Project developers x (x) x     (x)  

Project managers x (x) x     (x)  

Planers x (x) x     x  

Construction companies x (x) x     (x)  

Craftsmen x (x) x       

Energy consultants x (x) x     x  
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Building experts and sur-

veyors 
x (x) x x    (x)  

Auditors and certifiers x (x) x     x  

Utility companies x (x) x     (x)  

Facility services  x        

Billing service providers  (x)        

Waste management compa-

nies 
x (x) x       

U
se

-o
ri
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d
 

Institutional owner-occupiers (x) x (x) (x) (x) (x)  x x 

Institutional tenants  x      (x) (x) 

Individual owner-occupiers (x) x (x) (x) (x) (x)  (x)  

Individual tenants  x        

P
u

b
li

c 
se

ct
o

r Building authority x (x) x (x)   x (x)  

Legislator (x) (x) (x) (x)   x (x) x 

Society (x) (x) (x)     (x) (x) 

Neighbors (x) (x) (x)       

 

B.4 Evidence of building-related data needs 

This section provides an overview of the sources analyzed to derive building-

related data needs across the task areas examined in section 3.3. The sources 

include normative documents, standards, guidelines, and selected industry 
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publications. They are grouped according to the task areas they primarily in-

form. Detailed data-point mappings were used during the analysis but are not 

reproduced here for reasons of conciseness. 

Table B.4: Sources used in the analysis of building-related data needs 

Task area Sources included 

Development and 

construction 

HOAI, 2013, building permit, VDI 6026:2015-04 

part 1.1, DIN Fachbericht 151:2007-01, VDI 6070 

Part 1, VDI 6039:2011-06 

Use and operation DIN 32835-2:2007-01, VDI-MT 3810 Part 1:2023-

03, VDI 6041:2017-07, DIN SPEC 91462:2022-02, 

RICS (2020), RICS (2022a) 

End-of-life stage BMI and BMVg (2018), VDI 6210:2024-10 part 1, 

Osberghaus (2008) 

Property valuation Meins et al. (2011), Schlachter (2019), IAAO (2018) 

Risk management VÖB-Kommission für Bewertungsfragen (2006), Ur-

schel (2010), NV-Versicherungen, Kiedrowski 

Marketing Helfrich (2021), real estate listings and brochures 

(https://www.immobilienscout24.de/, 

https://www.engelvoelkers.com/de/en, https://immo-

center-karlsruhe.de/immobilienangebote/, 

https://www.immowelt.de/) 

Public sector Krause et al. (2022), Zensusdatenbank (2024), Dan-

ish Building and Dwelling Register (The Central 

Register of Buildings and Dwellings (BBR), 2025; 

Datamodel, 2025; Grunddataordbog, 2024), Swiss 

Property Register (Bundesamt für Statistik [BFS], 

2022) 

Sustainability as-

sessment 

DIN EN 16627:2015-09, DIN EN 15978:2024-05, 

DIN EN 16309:2014-12, DIN SPEC 91475:2024-03, 

NaWoh (2024), GRESB Real Estate (2025) 

Corporate sustaina-

bility reporting 

Climate Delegated Act, 2021, SFDR, 2019, CSRD 

directive, 2022 

 

 

B.4 Evidence of building-related data needs
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B.5 Taxonomy of building-related data points  

B.5.1 Master data 

Table B.5: Building-related data needs in the master data category 

Nr. Data category and 

data points 

Description 

100 Master data General data on the building, property, 

apartment etc. functioning as spatial, tem-

poral, and actor-based context for many 

other data points 

110 Identification Data points that facilitate the unambiguous 

identifiation of objects on different levels 

of aggregation and from different perspec-

tives; important to establish relationships 

between different data points and systems 

111 National building reg-

ister identifier 

ID in the context of national building regis-

ters 

112 Corporate identifier ID in the context of corporate building 

stocks; more than one possible 

113 Apartment / unit iden-

tifier 

ID for apartments or other types of units 

within a building 

114 Room identifiers IDs for rooms and spaces within a building 

115 Building element iden-

tifiers 

IDs for all types of building elements in-

cluding structural building components and 

building services 

120 Building usage Data that are necessary and helpful to un-

derstand how a building is used 

121 Building use type Type of building usage based on a classifi-

cation of building use types and optional 

descriptions 

122 Building type specifi-

cation 

Further details on the type of building, e.g., 

single-family house, multi-family house, 

terraced house etc. 
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Nr. Data category and 

data points 

Description 

123 Building unit use type Type of building unit usage based on a 

classification of building use types and op-

tional descriptions 

124 Building use areas Type of building area usage based on de-

scription 

125 Owner occupation or 

rental 

Indication whether a building or unit is 

owner-occupied or rented 

130 Actor information Data on actors associated with the building 

131 Building owner data General data on the current owner of a 

building or building unit, such as name or 

contact details 

132 Ownership history General data on former building owners 

133 Planning and construc-

tion actors 

Data on actors involved in contruction, 

such as name, contact details, role, services 

134 Real estate manage-

ment actors 

Data on actors involved in real estate man-

agement, such as name, contact details, 

role, services 

135 Service providers (fa-

cility services) 

Data on executing service providers, such 

as name, contact details, role, services 

136 Local building author-

ity 

Basic data on the resonsible local building 

authority 

140 Important dates Dates that mark outstanding events in the 

building's history 

141 Construction Year(s) of construction 

142 Transactions Dates of purchases /sales 

143 As-built constructions 

and renovations 

Year(s) of major as-built constructions and 

renovations 

144 Rentals Dates of (new) rentals 

145 Repurposing Dates of use changes / repurposing 

150 Location and site 

data 

Specification of geographical and spatial 

positioning and relevant characteristics of 

the location 

151 Address Postal code, street, building number 

B.5  Taxonomy of building-related data points 
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Nr. Data category and 

data points 

Description 

152 Geocoordinates Specification of geographical position 

153 Climate and environ-

mental data 

Data about the climate and the environment 

at the building location including climate 

forecasts 

154 Exposure to climate 

risks and natural haz-

ards 

Based on the location and, e.g., based on 

linkages to GISs; evaluations are possible 

in connection with inventory data, espe-

cially functional building properties 

155 Spatial context data Typical data subject to location analyses, 

e.g., urban context, access to key services 

156 Site data Aspects directly related to the property and 

its immediate surroundings, e.g., topogra-

phy and soil conditions 

160 Planning record A structured dataset containing documenta-

tion, decisions, and analyses from the plan-

ning stage, providing a reference for later 

life cycle stages 

161 Needs assessment Documented requirements, functional and 

spatial needs, regulatory constraints, and 

user expectations that guided the initial 

planning phase 

162 Feasibility analyses Results of evaluations of technical, legal, 

and economic feasibility with the help of 

market analyses, site analyses, use concept 

analyses etc. 

163 Cost-benefit analyses Calculations, financial assumptions, and 

projected cost-benefit ratios used to justify 

planning decisions 

164 Risk assessments Risks during planning, including potential 

cost overruns, regulatory hurdles, or opera-

tional uncertainties, along with mitigation 

strategies 

165 Sustainability assess-

ments 

Results of early sustainability assessments 

during the planning phase 
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Nr. Data category and 

data points 

Description 

166 Financing plans Financial models, funding sources, cost 

breakdowns, and budget forecasts estab-

lished for the project’s development 

167 Building description Captures key characteristics of the planned 

building, including spatial configurations, 

structural concepts, and material choices as 

defined in early planning 

168 Design scenario anal-

yses 

Alternative design concepts, comparative 

assessments, and trade-offs considered dur-

ing the planning phase, providing insights 

for future modifications or evaluations 

170 Construction record Compilation of documented processes, 

events, and key decisions during the con-

struction stage, providing a reference for 

later life cycle phases. 

171 Project organization 

structure 

Roles, responsibilities, and relationships of 

involved actors, including contractors, sub-

contractors, and project managers 

172 Construction timeline 

and events 

Chronological record of key construction 

milestones, delays, approvals, and site ac-

tivities 

173 Work progress record Documented status reports, progress up-

dates, and verifications of completed con-

struction stages 

174 Testing and commis-

sioning documentation 

Records of functional tests, system verifi-

cations, and commissioning protocols en-

suring compliance with technical (monitor-

ing) requirements, e.g., of heating system 

installation 

175 Documented changes 

and modifications 

Logged deviations from original plans, de-

sign alterations, material substitutions, and 

justifications for modifications 

176 Handover protocols Formal documentation of the transition 

from construction to operational use, 

B.5  Taxonomy of building-related data points 
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Nr. Data category and 

data points 

Description 

including delivered documentation and re-

sponsibilities 

177 Acceptance protocols Signed acceptance records confirming that 

construction meets agreed specifications, 

including inspections and defect lists 

178 Deconstruction log / 

record 

Special construction log / record for the 

end-of-life stage including deconstruction / 

demolition and disposal  

180 Maintenance and us-

age log 

Ongoing documentation of maintenance 

activities, renovations, and building usage 

over time 

181 Type and scope of last 

renovation 

Most recent renovation details, including 

affected areas, performed work, and mate-

rials used 

182 Maintenance timeline 

and events 

Continuously updated log of maintenance 

activities, repairs, and servicing, including 

responsible actors and dates 

183 Testing and commis-

sioning documentation 

Records of inspections, functional tests, 

and commissioning processes related to on-

going maintenance and system upgrades 

184 Building usage history Tracked data on how the building has been 

used over time, including occupancy and 

operational changes 

185 Building unit usage 

history 

Usage records for individual units, cover-

ing tenant changes, function shifts, and op-

erational modifications 

186 Renovation 

roadmap(s) 

Planned and ongoing renovations, includ-

ing scheduling, scope, and projected impact 

on operations; can be the result of data ana-

lytics 

187 Frequent maintenance 

works 

Recurring maintenance tasks, scheduled 

servicing, and preventive measures essen-

tial for building operation 
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Nr. Data category and 

data points 

Description 

190 Real estate manage-

ment and transaction 

log 

Ongoing documentation of strategic deci-

sions, transactions, and management activi-

ties related to real estate management 

191 Owner-administration 

or external manage-

ment 

Management model specifying whether the 

building is self-managed or handled by an 

external service provider 

192 Timeline and events of 

important management 

decisions 

Chronological log of key management de-

cisions, e.g. strategy shifts 

193 Building survey and 

due diligence docu-

mentation 

Documentation of due diligence, including 

assessment scope, methods, responsible ac-

tors, purpose, information sources, and re-

sults (e.g., structural condition, compliance, 

legal status, financial evaluation) 

194 Portfolio and asset 

strategy 

Strategic documentation on asset position-

ing, investment planning, and long-term 

real estate portfolio development 

195 Budget plans Ongoing financial planning, including op-

erational budgets, capital expenditure fore-

casts, and financial resource allocation 

196 Cost-benefit analyses Evaluations of profitability, e.g. based on 

return on investment (ROI), for strategic 

real estate decisions 

197 Risk assessments Identification and ongoing monitoring of 

financial, operational, legal, and market-re-

lated risks impacting real estate manage-

ment 

B.5  Taxonomy of building-related data points 
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B.5.2 Inventory data 

Table B.6: Building-related data needs in the inventory data category 

Nr. Data category and 

data points 

Description 

200 Inventory data Data on the as-built status of a building from 

a physical-technical perspective; includes 

current representations whenever possible 

while allowing for historical records and ar-

chived versions to track changes over time 

210 Building geometry Geometric representation of the building, 

capturing spatial structure, dimensions, and 

digital models as a reference for other inven-

tory data 

211 Floor plans, elevations, 

and sections 

2D representations of the building structure, 

including floor layouts, vertical sections, and 

external elevations 

212 Area data Floor area classifications and specifications 

such as gross floor area, net internal area, 

living space area, floor area ratio, and build-

ing footprint 

213 Property and building 

dimensions 

Key spatial measurements, including build-

ing height, number of floors (above and un-

derground), maximum length and width, and 

structural grid spacing 

214 Virtual building mo-

dels 

Digital representations of the building, in-

cluding BIM models and digital twins, with 

spatial integration where applicable 

215 Details Architectural and geometric detailing, in-

cluding façade components, material joints, 

and structural connections, as well as the 

spatial relationships between building com-

ponents and services 

220 Material and mass 

data 

Quantitative assessment of material volumes 

and mass at the whole-building level 
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Nr. Data category and 

data points 

Description 

221 Building volume cal-

culations 

Total enclosed volume of the building, in-

cluding gross and net volume 

222 Material quantity esti-

mations 

Aggregated material quantities at the build-

ing level, such as total concrete, steel, wood, 

insulation, or glazing 

223 Mass distribution and 

structural load 

Evaluations of mass distribution within the 

structure, total structural weight, and load-

bearing considerations 

224 Material life cycle and 

reuse potential 

Overall assessment of material recoverabil-

ity, recyclability, and potential reuse at the 

building scale 

230 Building components Structural and non-structural elements form-

ing the physical building framework; in-

cludes major components (e.g., foundation, 

walls, roof, stairs, windows, doors) and 

where necessary smaller components (e.g., 

beams, columns, cladding, insulation, fasten-

ers). Covers both load-bearing and non-load-

bearing elements. 

231 Descriptions  General description of the component, in-

cluding its type and function within the 

building  

232 Properties and attribu-

tes 

Physical, mechanical, and technical charac-

teristics such as dimensions, material com-

position, thermal performance, fire re-

sistance, and acoustic properties 

233 Condition monitoring 

and assessment 

Date of installation, recorded inspections, 

degradation status, structural assessments, 

and maintenance evaluations to track the 

component’s condition over time 

234 Product documentation Product data sheets, manufacturer details, 

warranty information, and compliance docu-

ments related to the component 

B.5  Taxonomy of building-related data points 
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Nr. Data category and 

data points 

Description 

235 Handling and mainte-

nance instructions 

Installation guidelines, maintenance proce-

dures, repair recommendations, and end-of-

life disposal or recycling instructions 

236 EPDs, quality labels EPDs and product quality labels (e.g., FSC, 

Cradle-to-Cradle, Blue Angel) ensuring 

compliance with required standards 

237 Photo documentation Visual records of the component for identifi-

cation, monitoring, and documentation pur-

poses 

240 Building services Technical systems and installations ensuring 

functionality, efficiency, and comfort in the 

building. Includes mechanical, electrical, 

plumbing (MEP), and automation systems, 

covering major installations (e.g., heating, 

cooling, ventilation, water supply, telecom-

munications, security, solar systems) and 

where necessary smaller components (e.g., 

control panels, ducts, sensors, pumps, wir-

ing). Covers both active and passive sys-

tems. 

241 Descriptions  General description of the service system or 

installation, including its type and function 

within the building 

242 Properties and attribu-

tes 

Technical and operational characteristics 

specific to building services; includes, e.g., 

system type, function, capacity, performance 

ratings, energy efficiency, flow rates, power 

consumption, noise levels, regulatory classi-

fications, and integration capabilities. 

243 Condition monitoring 

and assessment 

Date of installation, recorded inspections, 

performance monitoring, degradation status, 

and maintenance evaluations to track system 

reliability 
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Nr. Data category and 

data points 

Description 

244 Product documentation Product data sheets, manufacturer details, 

warranty information, and compliance docu-

ments related to the system 

245 Handling and mainte-

nance instructions 

Installation guidelines, operational require-

ments, maintenance procedures, trouble-

shooting guidance, and end-of-life disposal 

or recycling instructions 

246 EPDs, quality labels EPDs and product quality labels (e.g., en-

ergy efficiency ratings) ensuring compliance 

with required standards 

247 Photo documentation Visual records of the system or installation 

for identification, monitoring, and documen-

tation purposes 

250 Furnishing and 

equipment 

Movable and semi-fixed elements contrib-

uting to building usability and functionality, 

including furniture, appliances, office equip-

ment, and technical devices; excludes per-

manently installed fixtures and fittings 

251 Descriptions General classification of the item, including 

type and function 

252 Properties and attribu-

tes 

Key characteristics such as material, dimen-

sions, weight, energy efficiency (for appli-

ances), or technical specifications (for equip-

ment) 

253 Condition monitoring 

and assessment 

Date of acquisition, recorded inspections (if 

relevant), usage history, and replacement cy-

cles 

254 Product documentation Manufacturer details, product data sheets, 

manuals, warranty, and compliance docu-

ments 

255 Handling and care in-

structions 

Maintenance, cleaning, and operational 

guidance (if applicable); installation details 

only where necessary 

   B.5  Taxonomy of building-related data points 
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Nr. Data category and 

data points 

Description 

256 EPDs, quality labels EPDs, sustainability certifications (e.g., FSC 

for wood furniture), and compliance labels 

(e.g., energy efficiency ratings for appli-

ances) 

257 Photo documentation Visual records of the item for identification, 

inventory management, and condition track-

ing 

260 Fixtures and fittings Permanently or semi-permanently attached 

elements that contribute to the building’s 

functionality and interior fit-out; includes 

built-in cabinetry, sanitary installations, 

lighting, fixed kitchen units, built-in ward-

robes, and similar elements 

261 Descriptions General classification of the item, including 

type and function within the building 

262 Properties and attribu-

tes 

Material, dimensions, surface finish, durabil-

ity, fire resistance, and technical specifica-

tions where applicable 

263 Condition monitoring 

and assessment 

Date of installation, recorded inspections, 

wear and degradation status, and replace-

ment needs 

264 Product documentation Manufacturer details, product data sheets, 

warranty information, and compliance docu-

ments 

265 Handling and mainte-

nance instructions 

Cleaning, maintenance, repair, and re-

moval/replacement guidance where applica-

ble 

266 EPDs, quality labels Relevant sustainability and quality certifica-

tions 

267 Photo documentation Visual records for identification, monitoring, 

and documentation purposes 

270 Outdoor facilities External spaces and infrastructure contrib-

uting to site functionality and usability; in-

cludes landscaping, roads, pathways, 
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Nr. Data category and 

data points 

Description 

parking, playgrounds, outdoor seating, and 

similar elements 

271 Type and function General classification of the facility, such as 

green spaces, circulation areas, recreational 

areas, or infrastructure elements 

272 Material and durability Key material properties, including resistance 

to weather, UV exposure, corrosion, wear, 

and permeability 

273 Accessibility and u-

sage 

Information on accessibility, walkability, 

public vs. private use, and compliance with 

relevant standards (e.g., barrier-free access) 

274 Condition monitoring 

and assessment 

Regular inspections, seasonal care, repair 

needs, and degradation tracking 

275 Maintenance and care 

requirements 

Landscaping maintenance, cleaning, sea-

sonal work (e.g., snow removal), and infra-

structure upkeep 

276 Ecological and en-

vironmental aspects 

Considerations related to how outdoor facili-

ties interact with natural and built environ-

ments; includes aspects such as permeabil-

ity, vegetation use, microclimate effects, and 

landscape resilience 

277 Photo documentation Visual records for inspections, monitoring, 

and documentation purposes 

280 Room (book) infor-

mation 

Reference data for indoor spaces, organizing 

functional, spatial, and usage-related as-

pects; serves as a structural layer connecting 

components, services, and equipment to spe-

cific rooms 

281 Room usage and occu-

pancy 

Current and historical usage patterns; desig-

nated purpose and intensity of use 

282 Number of rooms and 

spatial hierarchy 

Total room count, grouping by function, 

floor, or department 

283 Access and security 

classification 

Entry permissions, restricted areas, and se-

curity considerations 

B.5  Taxonomy of building-related data points 
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Nr. Data category and 

data points 

Description 

284 Functional properties Suitability of the room for its intended func-

tion, considering user needs, adaptability, 

environmental conditions, and technical con-

straints 

285 Photo documentation Visual records supporting spatial documen-

tation and condition tracking 

290 Functional building 

properties 

Describes inherent building characteristics 

relevant to usability, adaptability, and resili-

ence. Data can include evaluations, calcula-

tions, compliance documentation, simula-

tions, or monitoring results, depending on 

the property 

291 Thermal insulation and 

airtightness 

Data on the building’s ability to regulate in-

door climate, including summer and winter 

insulation performance, airtightness, and 

thermal bridging effects 

292 Structural integrity and 

resilience 

Data on structural health, stability, and re-

sistance to natural hazards such as earth-

quakes, storms, and floods 

293 Fire and moisture pro-

tection 

Data on fire resistance, compartmentation, 

water infiltration risks, and waterproofing 

measures 

294 Acoustics and indoor 

environment 

Data on sound insulation, reverberation, and 

overall indoor comfort, including air quality 

potential 

295 Accessibility and space 

efficiency 

Data on barrier-free access, circulation 

space, and efficient use of available building 

area 

296 Adaptability and de-

constructability 

Data on the building’s flexibility for future 

modifications, disassembly potential, and 

material recovery options 
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B.5.3 Economic and legal data 

Table B.7: Building-related data needs in the economic and legal data category 

Nr. Data category and 

data points 

Description 

300 Economic and legal 

data 

Financial and legal information relevant to a 

building, including costs, revenues, property 

value, taxation, ownership, contracts, and 

approvals. 

310 Life cycle cost Total cost of ownership over the building’s 

life cycle, including construction, operation, 

maintenance, renewal, and disposal 

311 Construction costs Costs associated with the planning, design, 

and construction of the building including 

financing costs 

312 Operational costs Recurring costs related to utilities, manage-

ment, and daily operation of the building 

313 Maintenance costs Expenses for repairs, servicing, and upkeep 

to maintain functionality and safety 

314 Renewal costs Costs for replacing or upgrading building 

components as they reach the end of their 

service life 

315 End-of-life costs Costs related to demolition, deconstruction, 

material disposal, or recycling 

316 CO2 costs Costs associated with emission pricing 

320 Revenues Income generated from building-related ac-

tivities 

321 Rental revenues Income from leasing building space to ten-

ants or other users 

322 Revenues from sale of 

energy/electricity 

Income from on-site energy production, 

such as solar power, cogeneration, or grid 

feed-in tariffs 

B.5  Taxonomy of building-related data points 
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Nr. Data category and 

data points 

Description 

323 Revenues from sale of 

used building ele-

ments 

Income from reselling deconstructed mate-

rials, reusable components, or second-hand 

building elements 

330 Property value Data related to the financial valuation of a 

building 

331 Type of value / valua-

tion method 

Specification of the valuation approach 

used, such as market value, cost-based valu-

ation, or income-based valuation, including 

references to relevant standards or regula-

tions 

332 Input parameters and 

method documenta-

tion 

Documentation of data used for valuation 

calculations and applied calculation formu-

las 

333 Property value log Historical records of property valuations 

over time, including valuation dates, assess-

ment results, and responsible entities 

334 Value development 

potential 

Data indicating expected value changes 

based on planned renovations, market fore-

casts, urban development plans, or regula-

tory changes 

340 Taxes Data related to tax obligations, assessments, 

and financial reporting for buildings 

341 Property tax Data on assessed property value for taxa-

tion, applicable tax rates, annual tax liabili-

ties, and exemptions 

342 Income tax on rental 

income 

Taxation data related to rental revenues, in-

cluding applicable deductions, exemptions, 

and reporting obligations 

343 Value added tax Information on VAT applied to property 

transactions, construction services, mainte-

nance, and operational expenses 
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Nr. Data category and 

data points 

Description 

344 Tax depreciation Data on depreciation rules, amortization 

rates, and allowances for reducing taxable 

income over the building’s life cycle 

350 Property rights and 

legal liabilities 

Data defining ownership, legal claims, and 

restrictions on the building, including rights 

of use, encumbrances, and statutory obliga-

tions 

351 Ownership Data on legal ownership structures, includ-

ing owner identity, co-ownership shares, 

and legal entities associated with the prop-

erty 

352 Land register extract Official records documenting property 

boundaries, ownership status, mortgages, 

liens, and registered rights of use 

353 Cultural heritage and 

statutory protection 

Documentation on heritage status, conserva-

tion requirements, and legal restrictions af-

fecting modifications or demolitions 

354 Easements and ser-

vitudes 

Data on legally granted rights for third-

party access or use of the property, such as 

rights-of-way, utility easements, or air 

rights 

355 Encumbrances and li-

ens 

Information on financial or legal claims af-

fecting the property, such as mortgages, un-

paid taxes, or legal disputes 

356 Legal liabilities and 

warranty obligations 

Data on contractual and statutory liabilities, 

including defect liability periods, construc-

tion warranties, and compliance with legal 

obligations 

360 Contracts Legally binding agreements related to the 

construction, operation, management, and 

financial aspects of the building 

B.5  Taxonomy of building-related data points 
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Nr. Data category and 

data points 

Description 

361 Construction and 

purchase contracts 

Agreements covering the acquisition of the 

property, construction services, and contrac-

tor obligations 

362 Financing contracts Contracts related to loans, mortgages, and 

financial agreements used to fund the build-

ing’s construction or operation 

363 Insurance contracts Agreements specifying coverage for prop-

erty damage, liability risks, business inter-

ruption, and other building-related insur-

ances 

364 Rental contracts Lease agreements between owners and ten-

ants, specifying terms, obligations, and fi-

nancial conditions 

365 Real estate manage-

ment contracts 

Contracts for property management ser-

vices, covering administrative, financial, 

and tenant-related responsibilities 

366 Facility services 

contracts 

Agreements for operational services such as 

cleaning, security, and maintenance 

367 Contracts for other 

service providers 

Agreements with specialized service pro-

viders, including consultants, auditors, and 

temporary contractors 

370 Building Permits, ap-

provals, and compli-

ance documents 

Legally required documents and approvals 

related to the construction, operation, and 

regulatory compliance of the building 

371 Initial building permit Official approval for the initial construction 

of the building, including conditions and 

regulatory requirements 

372 Building permit modi-

fications 

Approvals for changes to the building, such 

as renovations, expansions, or structural al-

terations 

373 Energy Performance 

Certificates (EPCs) 

Legally required documents certifying a 

building’s energy performance, efficiency 

class, and regulatory compliance 
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Nr. Data category and 

data points 

Description 

374 Safety compliance 

documents 

Legally mandated reports, such as fire 

safety certificates and hazardous material 

documentation 

375 Operational certifica-

tions and inspections 

Documents confirming compliance with on-

going operational regulations, such as peri-

odic building inspections, HVAC certifica-

tions, and workplace safety compliance 

 

B.5.4 Performance data 

Table B.8: Building-related data needs in the performance data category 

Nr. Data category and 

data points 

Description 

400 Performance data Data related to the environmental, resource, 

and operational performance of a building. 

Where applicable, data should comply with 

recognized standards such as DIN EN 

15978 

410 Energy performance Data on energy demand, consumption, gen-

eration, and import/export balances 

411 Final energy demand Total energy required for the building’s op-

eration, calculated based on theoretical or 

standard conditions 

412 Energy consumption Actual measured energy usage during build-

ing operation, based on metering and moni-

toring data 

413 Generated electricity Amount of electricity produced on-site, 

such as from solar panels or combined heat 

and power systems 

B.5  Taxonomy of building-related data points 
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Nr. Data category and 

data points 

Description 

414 Generated thermal 

energy 

Amount of heat or cooling energy generated 

on-site, including district heating or geo-

thermal systems 

415 Imported energy Energy supplied from external sources, such 

as grid electricity or district heating 

416 Exported energy Energy fed back into the grid or shared with 

external consumers, such as surplus solar 

electricity 

420 Emissions Data on greenhouse gas emissions and other 

environmental emissions associated with 

the building’s operation and life cycle 

421 Scope 1 emissions Direct emissions from on-site energy use, 

such as fuel combustion for heating, backup 

generators, or industrial processes 

422 Scope 2 emissions Indirect emissions from purchased electric-

ity, district heating, or cooling supplied 

from external sources 

423 Scope 3 emissions Other indirect emissions, specifically em-

bodied carbon emissions from building ma-

terials, construction, and maintenance 

424 Other emissions Non-greenhouse gas emissions such as air 

pollutants, water discharges, or soil contam-

ination resulting from building operation or 

material use 

430 Environmental im-

pact 

Data on environmental effects related to the 

building’s life cycle, focusing on biodiver-

sity, climate effects, and circular economy 

aspects 

431 Global warming po-

tential 

Indicator for the building’s contribution to 

climate change, typically expressed in CO₂-

equivalent emissions over its life cycle 

432 Biodiversity impact Effects of land use, habitat destruction, or 

ecosystem disruption caused by the build-

ing’s construction and operation 
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Nr. Data category and 

data points 

Description 

433 Circular economy 

metrics 

Data on resource efficiency, material recov-

ery, and reuse potential to assess the build-

ing’s contribution to a circular economy 

440 Resource flows and 

efficiency 

Data on the consumption, reuse, and dis-

posal of resources, including water, raw ma-

terials, and waste management 

441 Net use of fresh water Total water consumption minus recycled or 

reused water, capturing the impact on fresh-

water resources 

442 Use of primary raw 

materials 

Consumption of non-renewable and virgin 

raw materials used in construction and oper-

ation 

443 Use of reused or recy-

cled materials 

Quantity of secondary materials integrated 

into the building, reducing demand for pri-

mary resources 

444 Waste disposal Data on waste generated, including classifi-

cation into hazardous and non-hazardous 

waste streams 

445 Waste recovery Share of waste materials reused, recycled, 

or recovered for energy production instead 

of disposal 

450 Sustainability assess-

ment log 

Data documenting sustainability assess-

ments, methods, and certification-related 

records for the building 

451 Type of assessment Specification of sustainability evaluations 

performed, such as life cycle assessments, 

carbon footprint analyses, or circularity as-

sessments 

452 Input parameters and 

methods 

Data sources, assumptions, and methodolo-

gies applied in sustainability evaluations 

453 Assessment results 

documentation 

Recorded results, scores, and performance 

indicators from sustainability assessments 

B.5  Taxonomy of building-related data points 
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Nr. Data category and 

data points 

Description 

454 Certifications and 

quality labels 

Data on obtained certifications, rating sys-

tems, and compliance with sustainability-re-

lated requirements 

455 Audit history Chronological record of audits, inspections, 

and compliance checks related to sustaina-

bility performance 

460 Social and functional 

performance 

Data on aspects affecting user well-being, 

indoor environment quality, and functional 

adequacy of the building 

461 Occupant health Data on factors influencing health and well-

being, such as air quality, lighting, and 

acoustic comfort 

462 Indoor environmental 

quality 

Measurements of temperature, humidity, air 

exchange, and other parameters affecting 

indoor conditions 

463 User satisfaction Feedback and survey data on how well the 

building meets functional and comfort ex-

pectations 

 

B.6 Principal-agent-theory: Basics 

The principal-agent theory, rooted in economic theory, examines the relation-

ship between a principal and an agent. This relationship, which manifests in 

various forms across economic interactions, is characterized by asymmetric 

information between the client (principal) and the contractor (agent). Specifi-

cally, the principal and agent possess differing levels of information prior to 

entering into a contractual agreement, whereby the principal commissions the 

agent to perform a particular task. These information asymmetries typically 

result in additional costs and give rise to specific characteristics and challenges 

within principal-agent relationships. 

• First, there is the issue of “hidden characteristics” of the agent. The prin-

cipal often lacks sufficient knowledge about the agent's abilities or the 
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quality of their services or products prior to contracting. This uncertainty 

can lead to the selection of an unsuitable agent, a problem referred to as 

adverse selection. 

• Second, “hidden actions” may occur after the contract has been estab-

lished. In this case, the principal is unable to fully observe or evaluate the 

agent's actions or the quality of the outcomes. If the agent behaves op-

portunistically, this may result in moral hazard, whereby the agent ex-

ploits the principal’s informational disadvantage. 

• Third, the phenomenon of “hold-up” describes a situation in which the 

principal has incurred sunk costs and becomes dependent on an agent 

who may act opportunistically. This dependence can limit the principal’s 

options and lead to inefficient outcomes (Picot et al., 2020, pp. 25–28). 

Various strategies have been proposed to mitigate the negative effects associ-

ated with principal-agent problems. To address “adverse selection”, agents can 

engage in “signalling”, actively providing credible information about their 

competencies in order to reduce the principal's uncertainty. Conversely, prin-

cipals may apply screening techniques, systematically gathering information 

to assess the agent’s suitability prior to contract formation. To prevent moral 

hazard, monitoring mechanisms are employed, allowing the principal to ob-

serve the agent’s actions and evaluate performance outcomes. In the case of a 

potential hold-up situation, measures aimed at aligning and balancing the in-

terests of both parties are recommended to reduce dependency and opportun-

istic behavior (Picot et al., 2020, pp. 26–28). An overview of the key phenom-

ena and corresponding mitigation strategies is provided in Table B.23. 

  

B.6  Principal-agent-theory: Basics 



B  Appendix chapter 3 

444 

Table B.9: Overview on phenomena of principal-agent theory (Picot et al., 2020, p. 28) 

 Hidden characteristics Hidden action 
Hidden in-

tention 

Principal’s in-

formation 

problem 

Quality characteristics of the 

contract partner's performance 

are unknown 

Contract partner's effort 

is not observable or as-

sessable 

Contract 

partner's in-

tentions are 

unknown 

Cause of the 

problem or 

major influ-

encing factor 

Concealability of characteristics 
Monitoring possibili-

ties and costs 

Resource 

dependence 

Agent's de-

gree of behav-

ioral discre-

tion 

Before contract conclusion 
After contract conclu-

sion 

After con-

tract conclu-

sion 

Problem Adverse selection Moral hazard Ad hoc 

Type of prob-

lem-solving 

approach 

Eliminating infor-

mation asymmetry 

through alignment of 

interests 

Align-

ment of 

interests 

Align-

ment of 

interests 

Reducing in-

formation 

asymmetry 

(monitoring) 

Alignment 

of interests 

Signalling/ 

Screening 

Self-Se-

lection 
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C Appendix chapter 4 

C.1 Building-related data standards 

The following table provides a conceptual overview and preliminary analysis 

of selected standards for the exchange and sharing of building-related data. 

The assessment is not exhaustive but aims to offer a comparative view based 

on publicly available specifications, documentation, and reported use cases. 

Interoperability, semantic richness, and flexibility were assessed in an abstract 

manner, primarily by examining the expressiveness of the underlying data 

model, the number and scope of defined properties and attributes, and the 

range of data points covered. The evaluation reflects a relative positioning ra-

ther than strict measurement, providing an orientation for understanding dif-

ferent standards in the context of LC-BISs. 

Table C.1: Analysis of standards for exchange and sharing of building-related data in the 

real estate industry 

Standard Data Model/Format 

Primary Use 

Case In
te

ro
p

er
ab

il
it

y
1
 

S
em

an
ti

c 
R

ic
h

n
es

s1
 

F
le

x
ib

il
it

y
1
 

RealEstateCore RDF/OWL Smart building 

integration 

3 3 2 

BrickSchema RDF/OWL IoT and build-

ing systems 

3 3 3 

OSCRE Industry 

Data Model 

JSON/XML Property and 

facility man-

agement 

2 2 3 

IBPDI Global 

Data Model 

JSON Life cycle inte-

gration 

3 2 3 
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RESO Data Dic-

tionary 

JSON/XML (Wiki-

based) 

Real estate 

transactions 

2 1 3 

OpenImmo XML/JSON Real estate 

listings 

2 1 2 

Society of Prop-

erty Researchers 

XML/JSON Life cycle ac-

tor data ex-

change 

2 2 3 

IFC EX-

PRESS/XML/JSON 

BIM data ex-

change 

3 2 2 

buildingSMART 

Data Dictionary 

RDF/XML BIM object 

standardization 

2 2 3 

W3C Building 

Topology Ontol-

ogy (BOT) 

RDF/OWL Geometry rep-

resentation in 

BIM 

3 3 3 

RealEstateCore 

Ontology 

RDF/OWL Knowledge 

graph for 

buildings 

3 3 3 

Brick Consortium 

Schema 

RDF/OWL Building sys-

tem classifica-

tion 

3 3 2 

1 Legend: 1 (low), 2 (moderate), 3 (high)  
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Table C.2: Overview on committee-driven standards for data exchange and sharing in the 

real estate industry 

Standard Focus Purpose Relevance to 

BISs 

DIN EN ISO 

12006-2:2020-07 

Construction-re-

lated classifica-

tion 

Framework for 

organizing infor-

mation 

Basis for taxono-

mies and ontolo-

gies. 

DIN EN ISO 

16739-1:2021-11 

IFC schema and 

data architecture 

Standardizing 

BIM data re-

presentation 

Key for BIM in-

teroperability. 

DIN EN 17632-

1:2023-04 

Linked data and 

semantic web in 

BIM 

Integrating se-

mantic web tech-

nologies 

Supports ad-

vanced reasoning 

and interopera-

bility. 

DIN EN ISO 

19650-1 

BIM information 

management 

Guidelines for 

BIM workflows 

Life cycle data 

management. 

DIN EN ISO 

21597-1:2021-07 

Exchange of het-

erogeneous data 

Data exchange 

schema 

Supports multi-

source data inte-

gration. 

DIN EN ISO 

29481-1:2025-01 

[draft] 

Information De-

livery Manuals 

(IDM) 

Guidance on ac-

tor constellations 

Enables coordi-

nated data ex-

changes. 

 

C.2 Data analytics throughout the life cycle 

Table C.3: Use cases for data analytics in the development and construction stage 

Task 

area 

Use case Role of data analytics Evidence 

Planning 

and Fea-

sibility 

Automated 

property anal-

ysis and feasi-

bility studies 

Integrates geospatial, eco-

nomic, and regulatory data 

to streamline site selection 

and evaluate project viabil-

ity. 

Rudolph (2022, 

p. 130) 

C.2 Data analytics throughout the life cycle



C  Appendix chapter 4 

448 

 Automated 

market and lo-

cation analy-

sis 

Predicts optimal locations 

using ML models based on 

investor requirements and 

market trends. 

Nern (2021) 

 Design opti-

mization 

Generates and evaluates de-

sign options using deep 

learning, improving plan-

ning efficiency. 

Baduge et al. 

(2022, p. 7) 

 Early-stage 

economic ap-

praisals 

Analyzes project cost and 

revenue potential using dy-

namic modeling ap-

proaches. 

Abioye et al. 

(2021, p. 6) 

Project 

Manage-

ment 

Dynamic cost 

and schedule 

predictions 

Provides real-time forecasts 

to optimize resource alloca-

tion and reduce delays. 

Rampini and 

Cecconi (2022, 

p. 900) 

 Contractor se-

lection 

Identifies suitable contrac-

tors using algorithms based 

on task requirements and 

conditions. 

Baduge et al. 

(2022, p. 14) 

Site 

Monitor-

ing and 

Safety 

Site monitor-

ing and opti-

mization 

Tracks resources, monitors 

safety, and ensures compli-

ance through IoT and image 

recognition technologies. 

Abioye et al. 

(2021, p. 6) 

 Wearable 

technology 

for worker 

safety 

Uses sensor data from wear-

able devices to monitor and 

enhance worker safety on-

site. 

Abioye et al. 

(2021, pp. 7–8) 

 Waste genera-

tion analysis 

Identifies and categorizes 

construction waste profiles 

using CNNs to improve sus-

tainability practices. 

Abioye et al. 

(2021, p. 5) 

Compli-

ance and 

Quality 

Automated 

compliance 

reviews with 

construction 

codes 

Uses NLP and ML to check 

designs and processes 

against location-specific 

regulations, including fire 

Bilal et al. 

(2016, p. 508), 

Rampini and 

Cecconi (2022, 

p. 899) 
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protection and structural 

safety. 

 Predictive an-

alytics for ma-

terial selec-

tion 

Evaluates materials based 

on performance and sustain-

ability criteria using ML al-

gorithms. 

Baduge et al. 

(2022, p. 10) 
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Table C.4: Use cases for data analytics in the use stage 

Use case Role of data analytics Sources 

Predictive 

maintenance 

Forecasts potential failures in build-

ing systems and components, ena-

bling proactive interventions. 

Rampini and 

Cecconi (2022, 

p. 898), Araszkie-

wicz (2017, 

p. 1039) 

Dynamic en-

ergy manage-

ment 

Optimizes heating, cooling, and 

lighting systems in real time based 

on occupant behavior and weather 

data. 

Abioye et al. (2021, 

p. 8) 

Automated 

post-occu-

pancy evalua-

tion 

Analyzes usage data and occupant 

feedback to improve building perfor-

mance and satisfaction. 

Rampini and 

Cecconi (2022, 

p. 896) 

Retrofit plan-

ning 

Aggregates monitoring data to prior-

itize and coordinate energy effi-

ciency measures. 

Rampini and Cec-

coni (2022, p. 896) 

Energy con-

sumption pre-

diction 

Estimates energy demand using his-

torical and real-time data to support 

operational planning. 

Baduge et al. (2022, 

p. 16), (Rampini & 

Cecconi, 2022, 

p. 894) 

Structural 

health super-

vision 

Monitors building components for 

signs of wear or damage, ensuring 

timely repairs and safety compli-

ance. 

Araszkiewicz 

(2017, p. 1039) 

Occupant 

safety moni-

toring 

Uses data from sensors and predic-

tive models to enhance security and 

detect risks. 

Baduge et al. (2022, 

p. 17) 

Automated 

property val-

uation with 

AVMs 

Estimates property value using data-

driven models that integrate real es-

tate data, building characteristics, 

and external factors such as location 

or market trends. 

Su et al. (2021) 
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D Appendix chapter 5 

D.1 Examples for metadata 

Table D.1: Overview on potentially relevant metadata points in life cycle building infor-

mation systems 

Metadata 

type 

Example elements Purpose / description 

Descriptive Title, object type (building, unit, 

room), classification codes, tags 

Clarifies what the data 

are about and to which 

object it refers 

Administ-

rative 

Version ID, creation/modifica-

tion date, data status (as-de-

signed, as-built), responsible 

party 

Enables governance, 

compliance, and data in-

tegrity 

Technical File format, schema reference, 

encoding, software version 

Supports integration, 

compatibility, and tech-

nical processing 

Structural  Relationships between data 

points, part-of hierarchies 

Enables linkage across 

components, systems, 

and aggregation levels 

Provenance 

/ source 

Source system, contributor iden-

tity, data acquisition method 

Supports transparency 

and quality assessment 

Time-rela-

ted 

Time of validity, time of capture, 

update frequency 

Ensures temporal con-

sistency and use in time-

sensitive contexts 

Rights & 

access 

Access level, usage restrictions, 

license type 

Defines data visibility, 

rights, and obligations 
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D.2 Minimum data content requirements 

Table D.2: Minimum data requirements in a life cycle building information system 

Nr. Data category Minimum 

require-

ment? 

Essential data points 

100 Master data (x) Some but not all master data cate-

gories are essential 

110 Identification x Identifiers to unambiguously clas-

sify building in the context of 

building portfolios 

120 Building usage x Building use type important for 

overlal context 

130 Actor information (x) Ownership information important 

for legal aspects; other actor infor-

mation important in real estate 

management throughout the life 

cycle 

140 Important dates (x) Year of construction and/or year 

of last renovation often relevant 

when no specific information is 

available on the condition of a 

building 

150 Location and site 

data 

(x) Address essential for operation 

and usage 

160 Planning record (x) While not necessarily originating 

from the planning phase, a rough 

building description is essential 

for numerous use cases 

200 Inventory data (x) Basic inventory data are required 

210 Building geometry (x) At least some information about 

the building dimensions is essen-

tial to satisfy actors’ information 

needs 
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300 Economic and le-

gal data 

(x) Some legal data are mandatory 

350 Property rights and 

legal liabilities 

(x) Necessary for legal reasons 

360 Contracts (x) Contracts are often relevant for le-

gal certainty 

370 Building permits, 

approvals, and 

compliance docu-

ments 

x Documents that are legally re-

quired and needed throughout es-

sential management decisions in 

the life cycle 

 

D.3 Quality requirements for specific data 
points 

Table D.3: Indication of factors with a strong or medium influence on quality requirements 

for selected data points 
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100 Master data     

110 Identification (x) x (x) x 

120 Building usage  x   

130 Actor information x x   

140 Important dates  x   

150 Location and site data  x   

160 Planning record (x) x   

D.3  Quality requirements for specific data points 
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170 Construction record (x) x   

180 Maintenance and usage log (x) (x)  (x) 

190 Real estate management and transaction log (x) (x)  (x) 

200 Inventory data    (x) 

300 Economic and legal data     

310 Life cycle cost (x)   (x) 

320 Revenues (x)   (x) 

330 Property value (x) (x)  (x) 

340 Taxes (x)   (x) 

350 Property rights and legal liabilities (x) (x) x  

360 Contracts x (x) x  

370 Building permits, approvals, and compliance 

documents 
x x x  

400 Performance data (x)   (x) 
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E Appendix chapter 6 

E.1 Building passport, logbooks, files 

E.1.1 Official German building passport proposal 
2001 

The following table shows the content that was proposed by the German Min-

istry of Transport, Building and Housing (2001) for building passports. In ad-

dition to the information that was to be filled in in the form, the explicit exten-

sion with appendices, for example in the form of design documents, was 

intended. 

Table E.1: Content of building passports in 2001 based on Ministry of Transport, Building 

and Housing (2001) 

Nr. Category Content 

0 General information Data on location, main actors, important 

dates, and context of BP creation 

1 Planning laws and 

building regulations 

Land register, building permit and statuary 

protection information 

2 Landholding Legal data about the property, access to utili-

ties 

3 Outdoor facilities Indication and descriptions of outdoor facili-

ties  

4 Buildings  

4.1 General description Area data, building usage information 

4.2 Building construc-

tion description 

Descriptions on main building components 

4.3 Stability / load-bear-

ing capacity 

Data points on allowable service loads 

4.4 Fire protection Indication of special safety requirements 
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4.5 Use of daylight / ar-

tificial lighting 

Data points on illumination 

4.6 Heat protection /en-

ergy requirement 

Calculated energy demand and information 

on summertime heat insulation 

4.7 Sound protection Information on required and measured values 

of sound insulation 

4.8 Ventilation Type of ventilation and open air rates 

4.9 Water consumption Projected / measured values 

4.10 Waste treatment Basic information on waste disposal facility 

4.11 Equipment and fur-

nishings 

Descriptions 

4.12 Building services Descriptions 

5 Inspection / servic-

ing / maintenance 

Documentation of planned and conducted 

maintenance works for different building ele-

ments 

6 Management costs Documentation of operational costs through-

out the first years of usage 
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E.1.2 Official German housing file proposal 2004 

 

Figure E.1: Content of the German housing file proposal (BMVBW, 2004) 

E.1  Building passport, logbooks, files 
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E.1.3 Material data sheet proposal for building 
passports 

 

Figure E.2: Material data sheets as an integral part of building passports (Reisinger et al., 

2014, p. 88) 
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E.1.4 Early European building logbook research 
initiatives 

Table E.2: Overview on early European research initiatives dealing with digital building 

passports and logbooks 

Project 

name 

Original goal and focus  Reference to 

DBLs and BPs 

Source 

ALDREN Building renovation pass-

ports for non-residential 

buildings 

DBLs as a 

foundation to 

store relevant 

data for reno-

vations 

(Sesana et al., 

2021) 

BIM4EEB BIM-based solutions for 

renovations in residential 

buildings 

DBLs as a 

foundation to 

store relevant 

data for reno-

vations 

(Signorini et 

al., 2021) 

iBRoad Individual building renova-

tion roadmaps, renovations 

plans and extended EPCs 

for renovations of single-

family houses 

DBLs as a 

foundation to 

store relevant 

data for reno-

vations 

(Libórîo et al., 

2018; Sousa 

Monteiro et 

al., 2018) 

X-tendo Further development of 

EPCs using innovative 

technologies and tools 

Building log-

books as a data 

repository for 

further tools 

and tasks 

(Toth et al., 

2021) 

 

E.1.5 Policy initiatives on building passports and 
logbooks 

Table E.3 provides an overview of public sector initiatives aimed at develop-

ing DBLs/DBPs. While these initiatives often focus on creating structured, 

centralized repositories of building-related information, the distinction 

E.1  Building passport, logbooks, files 
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between logbooks and more task-specific tools, such as building registers, is 

not always clear-cut. In practice, boundaries between these systems tend to be 

fluid, with overlaps in both function and data structure depending on national 

priorities, policy frameworks, and implementation contexts. 

Table E.3: Overview on policy initiatives on building passports and logbooks based on 

country, maturity level, degree of liability, and main drivers 

Initiative Country Maturity 

level 

Degree of 

liability 

Main driver Source 

Electronic 

Building 

Passport 

(EBP) 

Australia Tested Voluntary Improve data 

availability for 

the national 

building stock 

(Miller & 

Lützkendorf, 

2016; Miller et 

al., 2020) 

Post Inter-

ventie 

Dossier 

Belgium Opera-

tional 

Mandatory Healthy and 

safety of build-

ing users 

(Vlaanderen, 

2023) 

E-con-

struction 

platform 

Estonia Tested Voluntary Improve public 

real estate ser-

vices and infor-

mation man-

agement 

including 3D 

view 

(e-ehitus, 2025) 

Woningpas Belgium Opera-

tional 

Voluntary  Improve energy 

efficiency of 

the building 

stock through 

better data 

availability 

(EC, 2019; Hy-

potheek.winkel, 

2023; Liferay 

DXP, 2023) 

Bedrebolig Denmark Opera-

tional 

Voluntary Support build-

ing owners in 

planning en-

ergy renova-

tions 

(Energistyrelsen, 

2014) 

Le carnet 

numérique 

du 

logement 

France Opera-

tional 

Partly 

mandatory 

Support build-

ing owners in 

their infor-

mation man-

agement 

(Carnet-nu-

merique.co, 

2023) 
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Electronic 

Building 

ID 

Greece Opera-

tional 

Mandatory Improve trans-

parency in 

transactions 

and the 

knowledge on 

the national 

building stock 

(Ministry of the 

Environment and 

Energy, 2021) 

Property 

Register 

Iceland Opera-

tional 

Mandatory Keep enriched 

cadastral data 

for land man-

agement and 

monitoring of 

the building 

stock 

(HMS, 2023) 

Federal 

Register of 

Buildings 

and Dwell-

ings 

Switzer-

land 

Opera-

tional 

Mandatory Improve moni-

toring of the 

national build-

ing stock 

(BFS, 2022; Fed-

eral Statistical 

Office, 2023) 

Platform 

CB’23 

The 

Nether-

lands 

Under de-

velopment 

Voluntary Promoting cir-

cular economy 

by systemizing 

building-related 

information 

(Platform CB’23, 

2022) 

Home Re-

port 

United 

Kingdom 

(Scot-

land) 

Opera-

tional 

Mandatory Improve trans-

parency in 

transactions 

(Scotish govern-

ment, 2020) 

 

E.1.6 Industry initiatives on building passports and 
logbooks 

Table E.4: Overview on industry initiatives on building passports and logbooks based on 

country and main drivers 

Initiative Country Main driver Source 

Ilmastoviisaat 

Taloyhiöt 

Finland Use of IoT data to find options for 

low-cost energy efficiency 

measures 

(Ilmastoviisaat 

taloyhtiöt, 2022) 

E.1  Building passport, logbooks, files 
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Property Log 

book 

United 

Kingdom 

Providing insight into the record of 

a building at the time of sale, build 

or improvement 

(Property Log 

Book, 2023) 

Homebook France Automation and control of building 

use 

(HomeBook Sys-

tem, 2023) 

Building Ren-

ovation Pass-

port 

Ireland Providing logbooks and roadmaps 

to foster renovations  

(Irish Green Build-

ing Council 

[IGBC], 2020) 

PAS-E Spain Passports as a tool to reduce the 

environmental impact of buildings 

(Ciclica & Green 

Building Council 

España [GBCe], 

2023) 

BASTA Log-

book 

Sweden Logbooks as a project management 

tool in connection with material 

databases 

(BASTA, 2023) 

Produktkollen Sweden Storing and managing of building-

related information as comprehen-

sive documentation and mainte-

nance assistance 

(Produktkollen, 

2023) 

Building 

Passport 

United 

Kingdom 

Storing, organizing and sharing of 

building-related data 

(Building Passport, 

2023) 

Digital Build-

ing Passport 

Poland Storing and managing of building-

related data to support decisions in 

real estate management, in specific 

investment decisions 

(Digital Building 

Passport, 2023) 

CAPSA Germany Data platform and application for 

DBPs including functions to create 

data and provide assistance in de-

carbonization decisions, among 

others 

(CAPSA, 2024) 
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E.1.7 Data structure proposal for digital building 
logbooks 

Table E.5: Proposed data structure for a semantic data model of digital building logbooks 

(Böhms et al., 2023, pp. 31–32) 

Category Description/Overview 

Identifica-

tion 

Building identifiers such as Building ID, Building Unit ID, 

Cadastral Parcel ID, and online link IDs like InspireID. 

General Relationships between entities, basic attributes like type/sub-

type, geo-coordinates, usage function, dates of construction 

and renovation, and various documents (e.g., BIM models, 

technical drawings). 

Legal and 

Finance 

Financial and legal data including property valuation, lifecycle 

costs, sales data, and related documents like tenancy agree-

ments, insurance policies, and rule violation records. 

Dimen-

sions 

Physical dimensions such as lengths, gross and net areas/vol-

umes, and linked geometric representations (0D, 1D, 2D, 3D). 

Perfor-

mance 

Building performance indicators like energy labels, utility con-

sumption, emissions data, and indoor health metrics. Includes 

EPCs 

Structure 

& Mate-

rial 

Details of building structure and materials, breakdown of 

spaces, material properties like U-values, inspection years, and 

restricted material information (e.g., asbestos). 

Building 

Services 

Building service systems including energy, ventilation, water, 

automation parameters, and safety checks. Includes related 

documents like inspection certificates and maintenance con-

tracts. 
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E.2 Topical passport schemes 

E.2.1 Building resource passport 

 

Figure E.3: Example for a building resource passport for existing buildings (DGNB, 2023a)
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F Appendix chapter 7 

F.1 Example of a data architecture for digital 
building logbooks 

The data architecture proposed by Böhms et al. (2023, p. 9) is based on the 

data architecture from the ISO 8000 part 110 standard and was adopted for the 

needs of DBLs on the EU-level. It consists of the following elements: 

• Data specification: The data specification is represented by an ontology 

that defines the semantics of data. The ontology indicates how actual con-

tent from building-related data should be structured and what possibili-

ties and constraints exist for the content. Thus, the foundation is laid so 

that data can be correctly interpreted. The ontology relies mainly on two 

types of abstraction mechanisms, namely a specialization hierarchy, as 

used for taxonomies, and a decomposition hierarchy, called meronomy. 

• Data dictionary: A data dictionary is proposed in order to define a stand-

ardized terminology for the data ontology. By separating data ontology 

and data dictionary, the ontology can focus exclusively on the data struc-

ture of entities and relationships. The definitions within the data diction-

ary are based on the INSPIRE terminology (a European Union (EU) ini-

tiative aimed at creating a European Spatial Data Infrastructure) where 

possible. 

• Data specification/dictionary language: Both, the data ontology and the 

data dictionary need suitable data modeling languages to enable a stand-

ardized modeling view that also sets the basis for their logical and phys-

ical modeling/implementation. For the data ontology, a modeling lan-

guage defines elements, such as ‘concept’, ‘attribute’, ‘datatype’, 

‘relation’, and ‘constraint’, and for the dictionary ‘term’ and ‘definition’. 

The DBL semantic data model relies on RDFS for the data ontology and 

SKOS for the dictionary. 

• Formal syntax: A formal syntax is needed to transfer the ontology-based 

data model into a textual and machine-readable format. In the context of 

linked data and semantic web, one speaks of a ‘serialization’ (format). 
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There are different serializations for RDF-based ontologies, such as 

RDF-XML, Turtle, or JSON-LD. The DBL semantic data model relies 

on Turtle for its explanations. As part of the syntax, it is also proposed to 

use SPARQL as a query language and a direct access method. 

• Identification scheme: In order to unambiguously identify data elements 

within the data ontology, the dictionary, or actual building-related data 

content, the use of an identification scheme is proposed. As a starting 

point, the EC DBL approach should include Universally Unique IDs 

(UUIDs) and Unique Object Identifiers (UOIs). 

• Metadata: Metadata are integrated into the data architecture due to their 

relevance for describing and understanding data sets. Metadata need an-

alog to the actual data content a specification and dictionary. For this, it 

is proposed within the EC DBL approach to use the W3C Data Catalog 

Vocabulary (DCAT) which aims to facilitate interoperability between 

data catalogs on the web (Böhms et al., 2023, p. 10). 

The proposed data architecture can be illustrated by outlining the implemented 

adjustments made to the ISO 8000 part 110 standard.  

 

Figure F.1: Data architecture for a semantic data model in digital building passports (Böhms 

et al., 2023, p. 9) 
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F.2 Analysis of data models from the real 
estate industry 

Table F.1: Comparison of existing data models for the real estate industry 

 Strengths Weaknesses 

IBPDI Common Data 

model (IBPDI, 2022b) 

Covering many important 

categories of building-re-

lated data 

Detailed concept for defini-

tion of entities and relation-

ships 

Only incorporates structured 

data in JSON format 

Not solely focused on single 

buildings as object of consid-

eration 

RICS Data Standard 

(RICS, 2022b) 

Incorporating of relevant 

use cases, such as due dili-

gence, transactions, for-

mation of DBPs and digital 

twins 

Takes into account other 

construction works than 

buildings 

Detailed concept for defini-

tion of entities and relation-

ships 

Covers all types of build-

ing-related data 

Applicable to structured data 

in XML or JSON format with 

few exceptions  

OSCRE Industry Data 

Model (OSCRE Interna-

tional, 2022) 

Derivation of entities based 

on use cases 

Large library of entities 

and use cases 

Focused more on processes 

than on building-related data 

Lack of abstraction mecha-

nisms 

RESO data dictionary 

(RESO, 2023) 

Attempt for standardization 

of building-related terms 

and concepts 

Large library of entities 

Focused more on processes 

than on building-related data 

Limited scope according to 

brokerage needs 

 

RealEstateCore (Rea-

lEstateCore, 2023) 

Ontology-based features, 

such as knowledge graph 

presentation and 

high-level of interoperabil-

ity 

Focus on physical aspects in 

the ontology 
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Brick (Brick Consor-

tium, 2023) 

Ontology-based features, 

such as knowledge graph 

presentation and 

high-level of interoperabil-

ity 

Focus on physical aspects in 

the ontology 

 

W3C Building Topol-

ogy Ontology (Rasmus-

sen et al., 2021) 

Ontology-based features, 

such as knowledge graph 

presentation and 

high-level of interoperabil-

ity 

Alignment modules to 

other ontologies and stand-

ards 

Limited scope and focus on 

structural aspects only 

IFC and buildingSmart 

Data Dictionary 

(BSDD) (DIN EN ISO 

16739-1:2021-11; Ox-

lade, 2019) 

Detailed building-related 

data model 

Availablability in various 

data formats and schemas 

creates interoperability 

Focus on structural and con-

struction stage aspects 

Complexity of the schema 

Lack of flexibility in individ-

ual processes 

Lack of semantic completness 

EC DBL semantic data 

model (Böhms et al., 

2023) 

Orientated on the needs of 

DBPs/DBLs on EU level 

Ontology-based features, 

such as knowledge graph 

presentation and 

high-level of interoperabil-

ity 

Combination of ontology 

and dictionary 

Good basis for further de-

velopment 

Not many details in data rep-

resentations   

EU Superhub data struc-

ture (Gyuris et al., 2023) 

Orientated on the needs of 

DBPs/DBLs based on re-

search  

 

Strong focus on aggregated 

data 

Limited specification of se-

mantics (relationships be-

tween entities) 
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F.3 Data ontology approach for linked data 

Böhms et al. (2023) developed a semantic data model embedded in a data ar-

chitecture for DBLs in the EU. It shows the capabilities of linked data / se-

mantic web implementations based on RDF. 

The data ontology is the core concept of the proposed data architecture in 

Böhms et al. (2023, p. 10). Ontologies are a powerful concept for semantic 

data modeling, since they represent the structure and the possibilities for the 

data content at the same time. Ontology-based approaches have been identi-

fied as superior option compared to traditional data exchange standards, if in-

teroperability is the key data quality requirement. Within the ontology pro-

posed by Böhms et al. (2023), the modeling logic is based on RDF. This 

creates several advantages: 

• RDF builds the basis for linked data and semantic web technology, which 

is slowly but decisively adopted within the real estate domain. Its main 

benefits lie in the possibility to break up existing information silos, link 

data across systems and actors, and increase efficiency in data manage-

ment by avoiding redundancies in data storing. 

• RDF enables a high level of semantic and technical data interoperability. 

It is platform-independent and can link various resources via the internet. 

• RDF does not need additional information infrastructure resources, since 

it can rely on existing internet and web technologies. 

• RDF-based ontologies can be illustrated both in graphical form through 

(knowledge) graphs and in textual forms. For the latter, several serializa-

tion formats exist, such as RDF-XML, Turtle, or JSON-LD. 

• RDF-based ontologies can be translated to various logical and physical 

data(base) models. In comparison to ERMs, which are predominantly im-

plemented into relational database models, RDF data can be stored as 

RDF triple stores, relational data constructs, and in several No-SQL da-

tabase types. 

• RDF-based ontologies offer great flexibility in modeling. Basic con-

structs are implemented into the W3C RDF language conventions, such 

as the triple logic and different forms of nodes (Internationalized Re-

source Identifier [IRIs], literals, blank nodes, quoted triples), while 

F.3  Data ontology approach for linked data 
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additional constructs, such as classes and properties come along with 

RDF schema (RDFS) language. 

Böhms et al. (2023, p. 16) choose RDFS as the main language construct and 

propose to extend it with Shapes Constraint Language (SHACL) where 

needed. SHACL adds closed-world constraints to RDFS meaning that it uses 

constraints to validate RDF graphs. These constraints, for example, limit the 

allowed value types, cardinalities, value ranges, string representations, and 

logical combinations of constraints under certain conditions (Knublauch & 

Kontokostas, 2018).  

For their semantic data model, Böhms et al. (2023, pp. 17–24) analyzed some 

of the most important data standards and technologies in order to reach a high 

level of interoperability between their own approach and these standards while 

aiming to keep it simple for users. This includes that the approach follows the 

DIN EN 17632 standard series and specifically DIN EN 17632-1:2023-04 

which deals with basics for semantic linking and modeling in the context of 

BIM. Böhms et al. (2023, p. 26) state regarding the connection with IFC that 

classes in the DBL ontology can be regarded as subclasses or equivalent clas-

ses in IFC. BIM models can be integrated through linkage.  

F.4 Factors on attribute-based access control 

Table F.2: Factors influencing attribute-based access control in digital building passports 

Subject: user Object: function Environment: access 

conditions 

Personal ID Complexity (required 

resources, procedural 

steps, complexity of ac-

tions) 

Timing (with reference 

to building life cycle 

and specific tasks/pro-

cesses, time of day) 

Information on organi-

zation (name, size, 

products, services etc.) 

Relevance (value of in-

puts and outputs) 

Location  

Role/task in the build-

ing life cycle (name, 

Resource availabil-

ity/quality (data, ICT) 
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service-level agree-

ments) 

Experience level in 

DBP use (action his-

tory) 

Output quality (data, 

requirements for fur-

ther action) 

 

F.5 Job-sharing between building 
information systems 

 

Figure F.2: Conceptual proposal for an integration of selected tools into a digital building 

passport (Buchholz & Lützkendorf, 2022, p. 7) 

(Re-)Development Construction Operation and Use End of Life

BUILDING PASSPORT

Digital 
Building 
Model
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Renovation 
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Data Repository

Information Supply

F.5  Job-sharing between building information systems 
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G Appendix chapter 8 

G.1 Barriers for digital building passports 

Table G.1: Barriers for implementing digital building passports in the literature 

Type of 

barrier 

Barrier Evidence 

Political 

and legal 

Unclear national legislation Carbonari et al. (2020, p. 16) 

 Lack of a defined legal frame-

work 

Dourlens-Quaranta et al. (2020, p. 9) 

 EU vs. Member State roles 

unclear 

Dourlens-Quaranta et al. (2020, p. 9) 

 Redundant public-sector ef-

forts 

EC (2023, pp. 27–28) 

 Insufficient public-sector pri-

oritization 

EC (2023, pp. 27–28) 

 Complexity of implementa-

tion projects 

EC (2023, pp. 27–28) 

 Variations in privacy laws EC (2023, pp. 27–28) 

 Responsibility for data quality 

unclear 

EC (2023, pp. 27–28) 

Economic Benefits not clearly defined (Carbonari et al., 2020, pp. 13–16; Dour-

lens-Quaranta et al., 2020, p. 9).  

 Business model not defined (Carbonari et al., 2020, p. 16). 

 Too high costs (EC, 2023, p. 29). 

 Lack of sound funding model (Dourlens-Quaranta et al., 2020, p. 9; 

EC, 2023, p. 29). 

 Costs for administration and 

service provision 

(Hartenberger et al., 2021, p. 31). 

 Different economic interests 

in the built environment 

(EC, 2023, p. 29) 

Technical Lack of synergies and con-

sistency with other instru-

ments  

(Carbonari et al., 2020, p. 16). 

 Issues with data accuracy (Carbonari et al., 2020, p. 16) 
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 Challenges with interoperabil-

ity  

(Dourlens-Quaranta et al., 2020, p. 9) 

 Data quality issues with exist-

ing data sources  

(EC, 2023, p. 28) 

 Unclear data formats, storage 

locations, and governance  

(EC, 2023, p. 28) 

Actor-

based 

Lack of motivation to use and 

update DBPs  

(Carbonari et al., 2020, p. 16; EC, 2023, 

p. 29; Hartenberger et al., 2021, p. 31) 

 Limited digital skills and 

capacities 

(Carbonari et al., 2020, p. 16; EC, 2023, 

p. 28) 

 Challenges in data manage-

ment and sharing:  

(Dourlens-Quaranta et al., 2020, p. 9; 

Hartenberger et al., 2021, p. 31) 

 Data privacy and lack of in-

centives to share data  

(Carbonari et al., 2020, p. 16; EC, 2023, 

p. 29) 

 Lack of motivation to use and 

update DBPs  

(Carbonari et al., 2020, p. 16; EC, 2023, 

p. 29; Hartenberger et al., 2021, p. 31). 

Tool func-

tionality 

Inconsistency around scope 

and purpose: 

(Dourlens-Quaranta et al., 2020, p. 9) 

 User-friendliness not opti-

mized  

(Dourlens-Quaranta et al., 2020, p. 9) 

 Issues with data governance  (Dourlens-Quaranta et al., 2020, p. 9) 

 Data quality issues  (Hartenberger et al., 2021, p. 31) 

 Risks around privacy and data 

protection  

(Hartenberger et al., 2021, p. 31) 
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G.2 Types of business models for digital 
building passports 

Table G.2: Types of business models for digital building passports including their main ad-

vantages and disadvantages 

Option Constellation Advantages Disadvantages 

B2B or B2C pro-

duct 

A DBP developer 

sells a DBP product 

directly to a cus-

tomer (institutional 

or private building 

owner, or relevant 

stakeholders like 

property managers). 

The buyer is pri-

marily responsible 

for using and man-

aging the DBP. 

DBP developers 

can focus resources 

on product develop-

ment; High scala-

bility potential; 

Customers can cus-

tomize the DBP 

product to their 

needs. 

Developers have 

limited influence on 

successful product 

use; Customers re-

ceive little support. 

B2B or B2C inte-

grated product-ser-

vice solution 

A DBP developer 

sells a DBP product 

directly to a cus-

tomer and provides 

related services dur-

ing DBP use. 

Comprehensive so-

lution increases 

trust and support; 

Clear contact point 

for customers. 

Developer/service 

provider holds sig-

nificant power; Po-

tential inefficiencies 

due to lack of task 

distribution. 

B2B or B2C inde-

pendent product-

service solution 

A DBP developer 

sells a DBP product 

directly to a cus-

tomer, while inde-

pendent service 

providers offer ad-

ditional services to 

the building owner. 

Specialized service 

providers enhance 

efficiency, competi-

tion, and innova-

tion. 

Requires multiple 

service agreements. 

B2B2B or B2B2C 

contracting solution 

A DBP developer 

sells a DBP product 

to a customer, who 

outsources DBP 

management to a 

contractor under 

specific perfor-

mance agreements. 

Contractors incen-

tivized to meet cus-

tomer requirements; 

Reduces manage-

ment burden on 

DBP owner. 

Dependency on 

contractor skills and 

qualifications; Re-

duced control for 

DBP owner. 

G.2  Types of business models for digital building passports 
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B2B2B or B2B2C 

intermediary prod-

uct-service solution 

A DBP developer 

commissions an 

agent or distributor 

to sell DBP prod-

ucts and potentially 

additional services 

to customers. 

Incentives for 

agents/distributors 

promote wider dis-

tribution; Synergies 

with existing busi-

ness models. 

Dependence on in-

termediary; Poten-

tially higher costs 

for end-users. 

Peer-to-peer soluti-

ons 

Actors in the real 

estate industry col-

laboratively de-

velop a DBP solu-

tion for their own 

use. 

Immediate align-

ment with actor 

needs; Greater har-

monization and 

shared knowledge. 

Limited to actors 

with similar mo-

tives and expertise; 

Lack of specializa-

tion in information 

system develop-

ment. 
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