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Abstract

Common Data Environments (CDEs) have become a cornerstone of information manage-
ment in BIM-enabled construction projects and a key enabler of ISO 19650 implementation.
Within the context of sustainable and Smart Construction, CDEs integrate design, construc-
tion, and operational information, supporting informed decision-making throughout the
building lifecycle. However, their effectiveness depends not only on software capabilities
but also on the configuration of processes, roles, permissions, workflows, and information
structures. This paper proposes an ISO 19650-compliant CDE implementation framework
for university construction projects. The study combines a literature review on CDEs,
BIM/FM, HBIM, and information management with two university case studies: a new
laboratory and educational building and a specialized facility integrated with a historic
campus. Based on the findings, an eight-step implementation model was developed, cover-
ing information requirements, CDE structure, information states (WIP, Shared, Published,
Archive), roles, metadata, workflows, site data integration, and information audits. A
mapping matrix linking ISO 19650 requirements with CDE configuration elements and an
issue management workflow are also presented. Exploratory findings from the two case
studies indicate that a properly configured CDE can help reduce information-related risks,
improve issue management, and enhance decision traceability; these results should be re-
garded as illustrative and context-dependent rather than statistically generalized. Although
environmental impacts were not directly measured, improved information management
may indirectly contribute to more efficient resource use and more sustainable university
infrastructure management.

Keywords: CDE (common data environment); ISO 19650; BIM/HBIM; information
management; smart construction; FM; digital twin; university construction projects

1. Introduction

The digitalization of construction investment processes is shifting the focus from
the mere production of documentation toward the management of information flows
throughout the entire project lifecycle. Today, this process is recognized as one of the
key components of the Smart Construction concept, in which digital technologies sup-
port decision-making, improve the efficiency of construction processes, and contribute to
sustainable development goals by reducing material, time, and information losses.

In this context, effective information management becomes an important factor sup-
porting the sustainable delivery of construction projects and the management of built assets
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throughout their lifecycle. The availability of reliable and up-to-date information enables
better planning, coordination, and control of construction processes, contributing to the
reduction in errors, rework, and inefficient resource utilization.

This perspective is consistent with the objectives of sustainable campus development
and the United Nations Sustainable Development Goals (SDGs), particularly SDG 9 (Indus-
try, Innovation and Infrastructure), SDG 11 (Sustainable Cities and Communities), and SDG
12 (Responsible Consumption and Production). Improved information quality, reduced
design changes and rework, and more efficient resource utilization enabled by digital envi-
ronments can support more sustainable planning, delivery, operation, and maintenance of
university infrastructure.

In multidisciplinary, organizationally dispersed, and quality-driven project environ-
ments, information-related errors often lead to delays, coordination conflicts, design
changes during construction, and cost overruns. These issues are widely documented
in the literature on digital information management based on Building Information Mod-
eling (BIM). In response to these challenges, contemporary approaches to construction
information management increasingly rely on Common Data Environments (CDEs), de-
fined in ISO 19650-1 [1] as an agreed source of information for a given project or asset, used
to collect, manage, and disseminate information containers through a managed process.
Such solutions are currently perceived not only as tools supporting design coordination but
also as an important element of the digital transformation of the Architecture, Engineering
and Construction (AEC) sector, enabling more efficient resource utilization, reducing errors
and construction rework, and supporting the implementation of smart and sustainable
construction principles.

Current literature emphasizes that a CDE should be understood not merely as an IT
tool, but rather as a combination of a technical platform and an organizational framework
encompassing roles, permissions, information exchange channels, and access rules [2—4].
Jaskula et al. [5] describe the CDE as a “shared information infrastructure” for construction
projects while highlighting numerous implementation challenges, including the lack of
mature management processes and difficulties in translating ISO 19650 [1] principles into
everyday practice. At the same time, an increasing number of studies position CDEs
within the architecture of Digital Twin (DT) and Facility Management (FM) systems, where
they function as an intermediary layer between BIM models and dynamic operational
data [6-11]. This trend is closely aligned with the development of Smart Construction
concepts, in which data generated during design, construction, and operation are integrated
to improve building management performance throughout the asset lifecycle.

In university construction projects, the role of a CDE is particularly important due
to the complexity of investment processes and the large number of stakeholders involved
in creating, transferring, and using information. Such projects frequently include labora-
tory, educational, research, and technical facilities delivered in stages while maintaining
the operation of the existing campus infrastructure. Additional challenges arise from the
need to coordinate the requirements of multiple user groups, integrate data from various
sources, and ensure information continuity between the design, construction, and opera-
tional phases. In many cases, these investments also involve the renovation or adaptation
of existing buildings, including heritage assets, which further increases the importance of
effective information management and decision-tracking procedures. At the same time,
public clients are increasingly incorporating BIM and CDE requirements into public pro-
curement procedures, viewing them as tools supporting transparency, information quality
control, and traceability of decisions [12-16].

As a result, effective management of document versions, responsibilities, and decision
pathways becomes not only a matter of organizational efficiency but also a key mechanism
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for reducing information-related and investment-related risks. From a sustainable construc-
tion perspective, university campuses constitute a particularly interesting implementation
environment because they combine educational, research, and operational functions while
requiring long-term management of infrastructure-related information. Under such con-
ditions, data quality and accessibility become important factors supporting renovation
planning, efficient resource utilization, and the development of Smart Campus and BIM-
based Facility Management concepts. In this context, a well-configured CDE may serve as
an enabling information infrastructure supporting data-driven decision-making, lifecycle-
oriented asset management, and the long-term sustainability of university campuses.

Dalux is an example of a commercial CDE platform developed as an integrated envi-
ronment for document management, BIM model management, issue tracking, information
workflows, and field processes [17-19]. In the context of university projects, its potential
extends beyond BIM model visualization and lies in its ability to create a unified infor-
mation structure linking the design, construction, and operational phases of a project.
This is consistent with trends identified in the literature on BIM and FM in educational
facilities [5,15,20,21]. According to ISO 19650, the primary question is no longer whether a
CDE platform is necessary, but rather how it should be configured and organizationally
implemented to function as a true “single source of truth” [1,5,17,22]. Moreover, a properly
configured CDE may provide the foundation for integrating BIM models with Facility
Management systems and Digital Twin solutions. This creates opportunities for further
data utilization in operational processes, lifecycle management, and performance analyses,
which aligns with current developments in Smart Construction.

Despite the growing number of publications on Common Data Environments, there
remains a lack of implementation models that translate ISO 19650 requirements into specific
platform configurations applicable to public-sector clients, particularly higher education
institutions. Furthermore, limited attention has been paid to the relationship between CDE
implementation and the long-term sustainability of public building assets, particularly
in university campus environments. Building on these research gaps, the present study
adopts a literature-informed multiple case study design. An ISO 19650-compliant CDE
implementation framework was developed based on the analysis of scientific literature
and relevant standards and subsequently explored through two university construction
projects using the Dalux Common Data Environment. The empirical component is intended
to illustrate the practical applicability of the proposed framework rather than to provide
statistically generalizable evidence.

Accordingly, the paper addresses the following research questions:

e  RQI: How can ISO 19650 information management requirements be translated into a
practical CDE implementation model for higher education construction projects?

e RQ2: How can this model be configured within a commercial CDE platform, exempli-
fied by Dalux, while maintaining compliance with ISO 19650?

e RQ3: What insights into CDE performance and information management can be
obtained from the exploratory analysis of two university construction projects?

The contribution of the paper is threefold. First, it proposes a CDE implementation
model tailored to the specific characteristics of public-sector clients in higher education,
a context that has received relatively limited attention in the existing literature. Second,
it presents a compliance matrix linking ISO 19650 requirements with specific Dalux con-
figuration elements, thereby facilitating the translation of normative requirements into
practical implementation solutions. Third, it reports the results of a pilot evaluation of
a CDE in two university projects, highlighting its potential as a mechanism supporting
Smart Construction, long-term information management, and the future development of
BIM-based Facility Management and Digital Twin solutions.
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Accordingly, this study approaches sustainability from the perspective of information
management quality and process efficiency. Rather than directly evaluating environmental
or economic performance, it examines how an ISO 19650-compliant CDE implementa-
tion may support more effective lifecycle-oriented information management in university
construction projects and thereby contribute indirectly to sustainable asset management.

2. Research Strategy and Analytical Basis of the Study

The study is based on a review of the literature concerning Common Data Environ-
ment (CDE) platforms, information management in accordance with ISO 19650, CDE tools
applied in the construction sector, and publications addressing the integration of CDEs with
digital representations of buildings (e.g., Digital Twin—DT) and Facility Management (FM)
systems [1,3-6,9,10,12,15,21-26]. The review was supplemented by recent industry reports
and guidelines issued by international organizations addressing BIM and CDE implemen-
tation in public procurement and educational-sector construction projects [13,17,19,27-29].

The adopted research strategy combines a literature review with a multiple case study
approach. The review of scientific publications and normative documents served as the
basis for developing the proposed CDE implementation model and the ISO 19650-Dalux
compliance matrix. Subsequently, two university construction projects were analyzed to
assess the practical applicability of the proposed model using system logs and selected
indicators describing the performance of the CDE.

The study has an exploratory and implementation-oriented character. Its objective is
not to statistically verify causal relationships but rather to identify mechanisms supporting
information management within a Common Data Environment and to evaluate their
applicability in real university construction projects. Such an approach is consistent with
recommendations from contemporary CDE research, which emphasize the importance of
combining theoretical analyses with observations derived from real-world implementations
and case studies.

From a sustainable construction perspective, the analysis of CDEs is important not
only because of their role in organizing information flows during project delivery but also
because of their potential impact on the quality of information used throughout the design,
construction, and operational phases of a building. Access to up-to-date information and
the reduction in information losses may contribute to more efficient resource utilization,
fewer errors and rework activities, and improved decision-making aligned with lifecycle-
oriented building management principles.

2.1. Method for Identification and Analysis of Scientific Literature

The literature review was conducted using the Scopus, Web of Science Core Collection,
and Google Scholar databases, supplemented by selected industry journals, reports, and
guidance documents (including publications from the EU BIM Task Group and documents
related to public investment management) [5-7,13,17,23,24,29]. The search covered pub-
lications published between 2018 and March 2026, with particular attention given to the
2022-2026 period, during which a substantial increase in publications related to CDEs and
ISO 19650 implementation was observed [5-7,17,23,24].

The search strategy employed combinations of English-language keywords, includ-
ing: “common data environment”, “CDE”, “ISO 19650”, “BIM information management”,
“BIM-based information delivery”, “Digital Twin CDE”, “public investments BIM”, “cam-
pus projects”, “university campus facilities management”, “sustainability projects”, and
“HBIM”. The reviewed publications addressed both technical aspects of CDE implementa-
tion and broader issues related to information management throughout the asset lifecycle,
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including their potential influence on the efficiency of construction and operational pro-
cesses and their contribution to sustainable construction objectives [5-7,9,12,20,24].

In the first stage, an initial screening based on titles and abstracts was conducted to
identify publications directly related to:

e  The definition and roles of CDEs within the lifecycle of public-sector construction
projects [5-10,23,24];

e  The implementation of ISO 19650 in construction practice [1,3,4,17,22];

e  The application of CDEs in the context of Digital Twins and environmental monitor-
ing [9,11,18,27];

e The use of BIM/CDE in Facility Management and university campus manage-
ment [12,15,20,21];

e  Therole of CDEs in public-sector projects and public procurement processes [13,15,17,29].

In the second stage, full-text publications were analyzed with particular attention to:

e  Proposed CDE implementation models [5-7,23,24];

o  The structure of information areas, roles, permissions, and workflows [1,5-7,17,22];

e Indicators used to assess CDE maturity [5-7];

e  Methods of integrating CDEs with Facility Management systems and Digital Twin
solutions [9,12,18,20,21,27].

Additionally, supplementary information provided with selected publications was
reviewed, particularly literature review protocols developed according to the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines and
classification frameworks used in CDE research. These materials supported the systematic
organization of the reviewed body of knowledge. Industry materials (Autodesk, Dalux,
Construction Industry Council, and Trimble) were used exclusively to describe implemen-
tation practices and platform configuration approaches rather than to formulate the study’s
primary scientific conclusions [5,17-20,22].

The database searches initially yielded several hundred records related to Common
Data Environments, ISO 19650 implementation, BIM-based information management, and
university or public-sector construction projects. After duplicate removal and title- and
abstract-based screening according to the predefined inclusion criteria, several dozen pub-
lications were selected for detailed full-text analysis. The final body of literature comprised
a focused set of peer-reviewed journal articles and conference papers, complemented by se-
lected standards (including the EN ISO 19650 series) and key industry guidance documents,
which together formed the basis for developing the proposed implementation framework.

Peer-reviewed publications and standards formed the primary theoretical basis for
the proposed model, whereas industry reports and CDE system documentation were used
only in a supporting role to describe implementation practices and configuration examples.

2.2. Empirical Data and Case Study Description

In addition to the literature review, the study draws on observations from two uni-
versity construction projects in which a Common Data Environment served as either the
primary or a supporting information management platform. The projects were intentionally
selected as cases representing different functional and organizational contexts, allowing the
proposed implementation model to be examined under diverse conditions. The analyzed
cases included a newly constructed educational and laboratory building (including musi-
cology facilities and a concert hall) and a specialized project involving a historic building
context [3-7,11-15] (Figure 1). The empirical data were used to illustrate the practical
applicability of the proposed implementation model and assessment framework in real
university construction projects. Given the exploratory nature of the study, the findings
should be interpreted as indicative rather than statistically generalizable.
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Figure 1. Research framework integrating literature review and case studies in the development of a
CDE implementation model for university construction projects.

All data were used in an aggregated and anonymized form, which made it possible
to assess the performance of the CDE without disclosing sensitive project information.
For Project A, the analyzed dataset covered a period of roughly one to two years and
included several dozen active users, a few hundred documents, several dozen BIM models,
and a few hundred registered issues in the CDE. For Project B, the available dataset
spanned a comparable time frame with a similar order of magnitude in terms of users,
documents, models, and issues, reflecting the higher information management complexity
associated with the historic campus environment. To protect the confidentiality of the
projects and the participating organizations, these values are reported only at the level of
approximate orders of magnitude, and all analyses are based on aggregated statistics rather
than individual records.

Project A involved the construction of a new educational and laboratory building with
a floor area of several thousand square meters and a high level of technical complexity,
including advanced HVAC systems, a concert hall, and a Building Management System
(BMS) (Figure 2). The project team included representatives of multiple disciplines, includ-
ing architecture, structural engineering, mechanical engineering, electrical engineering,
and telecommunications, as well as numerous university stakeholders, such as labora-
tory users, library staff, administrative personnel, concert hall operators, and technical
services [11-14].
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Figure 2. (Left): Fragment of a multidisciplinary 3D model displayed in the Dalux Field CDE
platform. (Right): View of Building A within the urban context, Wroctaw, 2026.

Project B concerned the construction of a new specialized facility functionally con-
nected to an existing historic building used for educational and research purposes. The
project was characterized by conservation-related constraints affecting the historic structure,
the need for phased construction works, and the requirement to maintain the operation of
surrounding campus infrastructure throughout project execution [11-14] (Figure 3).

Figure 3. (Left): Fragment of the multidisciplinary 3D model of Building B and the adjacent historic
structure displayed in the Dalux platform. (Right): View of the administrative building and preserved
historic elements of the former Palm House structure, Wroctaw, 2026.

The empirical analysis draws on data exported from the Dalux CDE for both projects,
including document and model logs, issue registers, and selected workflow statistics. The
extracted datasets cover, among others, the number and structure of documents and models
published in the WIP, Shared, Published, and Archive areas; the volume and categorization
of registered issues; and basic information on workflow durations and approval outcomes.
These data were used to calculate the implementation indicators presented in Table 1 and
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to qualitatively assess the extent to which the configured CDE environment complied with

the ISO 19650 information management requirements summarized in Table 2. The analysis

focused on indicators related to information quality, process transparency, and information

continuity, as these factors are increasingly recognized as important enablers of sustainable

asset management throughout the building lifecycle.

Table 1. Example indicators for assessing the implementation of ISO 19650 requirements in the
Dalux CDE.

ISO 19650 Requirement

Implementation in the Dalux CDE
Environment

Example Implementation Assessment
Indicator

Distinction between

WIP/Shared /Published / Archive

information states

Structure of information areas and
document publication rules

Percentage of documents published in
accordance with the established
procedure; number of documents placed
in an incorrect area

Information containers with
statuses and revisions

Metadata of documents and models
(status, revision, author, discipline)

Percentage of documents containing all
required metadata; number of
revision errors

Roles and responsibilities
for information

User roles, permission groups,
responsibility matrix

Percentage of documents approved by
authorized persons; number of
permission violations

Managed information flow

Review and approval workflows for
documents and models

Average document approval time;
number of submissions awaiting approval

Integration of BIM models
and documentation

Linking of models, documents,
and issues

Percentage of issues linked to a BIM
model; number of issues without an
assigned location

Agreed source of information
(single source of truth)

Published area as the official source of

project information

Percentage of documents used outside the
CDE; number of cases involving work
based on outdated versions

Standardization of naming
conventions and metadata

File-naming templates and mandatory

metadata fields

Percentage of documents compliant with
the adopted naming convention

Issue management

Issues module linked to models,
documentation, and workflows

Average issue resolution time; number of
open issues; percentage of issues closed
within the required timeframe

CDE auditing and
continuous improvement

Reports, dashboards, and periodic
configuration reviews

Number of audits conducted per year;
number of implemented corrective actions

Table 2. Mapping between ISO 19650 requirements, Dalux CDE configuration elements, and imple-

mentation benefits for the client.

ISO 19650 Requirement

Dalux CDE Configuration Element

Benefit for the Client

Information container states (WIP,
Shared, Published, Archive)

Status/folder structure: WIP (work in
progress), Shared (coordination),
Published (approved information),
Archive (milestone-based data archiving)

Reduced use of outdated
documentation, improved version
control, and traceability of changes

Roles and responsibilities
(Appointing Party, Lead Appointed

Party, Task Teams)

User roles and permissions, assignment of Clear accountability for information

access, editing, approval, and
publication rights

and reduced risk of errors caused by
unauthorized actions

Information containers
and statuses

Document and model statuses, revision

fields, and publication rules

Improved document control and
greater transparency of
decision-making processes
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Table 2. Cont.
ISO 19650 Requirement Dalux CDE Configuration Element Benefit for the Client
. . File-naming templates, mandatory Easier information retrieval, filtering,
Metadata and naming conventions . . .
metadata fields, data and reporting, as well as improved

(revisions, classification systems)

validation mechanisms data quality

Managed information process

Shorter information circulation times,
decision traceability, and more efficient
approval processes

Review and approval workflows,
automatic status changes

Agreed source of information

Increased trust in project information
and reduced risk of using
outdated data

Published area as the official publication
zone, change logs, and access control

Asset lifecycle integration

Easier transfer of information to
Linking BIM models, documentation, = operation and maintenance, support
field data, and as-built information for BIM-FM and Digital
Twin development

Issue management

Faster problem resolution, improved
communication, and complete audit
trails of issues and decisions

Issues module linked to BIM models,
documentation, and workflows

In both projects, the Dalux platform was used as an environment for managing
documentation, BIM models, and construction-related issues. The project structure was
organized according to the ISO 19650 information states: Work in Progress (WIP), Shared,
Published, and Archive [1-3,18,22]. Discipline-specific models were periodically published
to the Shared area for coordination purposes, while documentation intended for the client
and contractors was transferred to the Published area only after completing predefined
approval workflows [3,4,18-20,22]. Construction issues were recorded using the Issues
module and linked to specific locations within BIM models or drawings while assigning
responsibility to relevant disciplines, consistent with recommendations presented in the
literature on issue management in CDE and DT/FM environments [4,5,8-10,12,13,18-20].

The adopted research approach can therefore be described as a literature-informed mul-
tiple case study. The proposed CDE implementation model and Dalux configuration frame-
work were developed based on the analysis of scientific literature and ISO 19650 standards
and subsequently confronted with empirical evidence derived from two real university con-
struction projects [1-3,5,8,11-13,15-17]. Consequently, the study combines normative and
conceptual perspectives with implementation-oriented insights and practical experiences
in information management within educational construction projects [3-8,11-13].

All CDE-derived data were anonymized prior to analysis, and no personally iden-
tifiable information about individual users was retained in the research datasets. The
indicators were therefore used to illustrate the practical applicability of the proposed
assessment framework in real university construction projects. Given the exploratory
nature of the study, the findings should be interpreted as indicative rather than statisti-
cally generalizable.

3. State of Research on CDE and ISO 19650

The most widely accepted understanding of the Common Data Environment (CDE)
originates from the EN ISO 19650 series, where it is defined as “an agreed source of
information for any given project or asset, for collecting, managing and disseminating
each information container through a managed process.” This definition emphasizes that
a CDE is not merely a collection of folders or a cloud-based storage service but rather a
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component of the information management infrastructure in which information workflows,
responsibilities, and access control are equally important [1-3].

Recent literature reviews indicate that a CDE should be understood as a combination
of a technical platform and an organizational framework encompassing information areas,
roles, permissions, and information flows [3-7]. Jaskula et al. describe the CDE as a “shared
information infrastructure” for construction projects, emphasizing that many implementa-
tions still focus primarily on document repository functions without fully exploiting the
information management mechanisms defined by ISO 19650, such as information statuses,
revisions, and information states including Work in Progress (WIP), Shared, Published, and
Archive. In the literature on public procurement and public investment management, CDEs
are increasingly recognized as tools supporting transparency of decision-making processes
and ensuring the integrity of tender and contractual documentation [5-7,15-17,23,24].

From the perspective of information management and project risk management, CDEs
are widely recognized as tools that help mitigate problems associated with outdated docu-
mentation, fragmented information, and unclear allocation of responsibilities. At the same
time, empirical studies emphasize that the benefits achieved depend not only on platform
functionalities but also on the quality of organizational processes, user competencies, and
the degree to which the CDE is integrated with organizational procedures. Increasingly,
researchers also highlight that effective information management supports sustainable con-
struction objectives by reducing design errors, minimizing rework activities, and enabling
more efficient use of resources throughout the asset lifecycle [5-7,9,12,20].

3.1. CDE Maturity, Digital Twins, and Facility Management

In recent years, growing attention has been devoted to the maturity of CDEs and their
role in supporting information integration throughout the entire lifecycle of a built asset. In
this context, a CDE is no longer viewed solely as a project delivery tool but rather as an
element of a broader information ecosystem covering the entire building lifecycle. A mature
CDE is characterized by its ability to integrate BIM models, design documentation, field
data, and operational information within a coherent information management process. The
literature emphasizes that maturity depends not only on data storage capabilities but also
on mechanisms ensuring version control, permission management, workflow execution,
and the maintenance of a single source of truth for all project stakeholders [3-6,8,9].

Within Digital Twin research, the CDE is increasingly regarded as an integration layer
linking BIM models with dynamic data generated by monitoring systems, IoT sensors,
Building Management Systems (BMS), and other operational data sources. Studies address-
ing Digital Twin architectures for construction and renovation projects indicate that an
integrated CDE can support both project-related information and data generated during
construction and operation, ensuring auditability, traceability of changes, and the possibil-
ity of reusing information in analytical and decision-support processes [4,5,8-10]. From
this perspective, the CDE evolves beyond a project-oriented document exchange space and
becomes a core information infrastructure supporting knowledge management throughout
the lifecycle of a built asset [4,5,8-10,18,27].

The literature increasingly suggests that the integration of BIM, CDE, and Digital
Twin technologies can contribute to sustainable construction objectives by improving the
quality of data used in energy analyses, renovation planning, operational monitoring, and
technical asset management. In this context, the CDE becomes an important component of
the information infrastructure supporting lifecycle-oriented decision-making processes.

One of the most rapidly developing application areas of CDEs is Facility Management
(FM) and real estate portfolio management. Research on BIM/FM implementations in com-
plex facilities, including university campuses, indicates that CDE-based environments can
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improve asset information accessibility, enhance the quality of handover documentation,
and increase the efficiency of operational issue management processes [5,7,11-13]. At the
same time, researchers emphasize that transitioning from a CDE focused on design and
construction toward an environment supporting FM requires well-structured metadata
frameworks, links between BIM models and asset identifiers, and integration with facility
management systems used by asset owners and operators. In university campuses, a CDE
may serve as a central repository of infrastructure-related knowledge, integrating infor-
mation generated during successive construction projects, renovations, and operational
activities. Such an approach constitutes one of the foundations for developing campus
Digital Twins and BIM-based Facility Management systems, both of which are currently
recognized as key directions in the evolution of information management within the public
sector [11-13,15-17,20,21].

3.2. CDE in Public Investments and University Campus Projects

Public-sector construction projects represent one of the most rapidly developing areas
of CDE-related research, primarily because of the importance of transparency, decision
traceability, and long-term accessibility of project and operational information. Guidelines
issued by organizations such as the EU BIM Task Group, together with publications
addressing public investment management, indicate that the incorporation of BIM and
CDE requirements into public procurement procedures is becoming standard practice
in many countries. In this context, CDE is increasingly perceived as a mechanism for
structuring information exchange between clients and contractors. Consequently, the
configuration of the environment—including information statuses, publication rules, and
approval workflows—acquires not only technical but also regulatory significance [7,15-17].

University campuses are frequently identified as a distinctive subgroup of public-
sector clients, simultaneously acting as investors, end users, and long-term asset man-
agers [11-13,15]. This creates a need to ensure information continuity between successive
construction projects, renovations, and operational activities while maintaining consis-
tent information management standards across the entire campus. The literature high-
lights that CDEs can support the development of long-term organizational memory by
enabling collection, organization, and reuse of knowledge generated during successive
investment projects. This is particularly important in university environments, where
infrastructure is often developed incrementally over many years by different design and
construction teams.

At the intersection of CDE and cultural heritage management, a growing body of
research focuses on Heritage Building Information Modeling (HBIM), where informa-
tion models of historic assets are used both in renovation projects and in long-term asset
management. These studies emphasize the role of CDEs in managing data uncertainty, doc-
umenting information provenance, and recording conservation-related decision pathways.
Such capabilities contribute to reducing information-related risks, improving decision trace-
ability, and increasing the transparency of processes involving public-sector clients. In the
context of university investments, which often include both new laboratory facilities and
the renovation or adaptation of historic buildings, findings from research on CDE, BIM/FM,
and HBIM provide an important foundation for the development of CDE implementation
models tailored to the higher education sector, including solutions implemented through
platforms such as Dalux [5,11-15].
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4. Dalux Platform Within the CDE Architecture for University
Construction Projects

4.1. Functional Scope and Position Within the Digital Tool System

Dalux belongs to a group of commercial Common Data Environment (CDE) platforms
developed to integrate document management, BIM models, issue management, approval
workflows, and field processes within a single environment [18-20,22]. The literature and
implementation reports emphasize that modern CDE solutions should support both the
“office” layer (multidisciplinary coordination, document review, revision management)
and the “field” layer (site inspections, walkthroughs, construction issue reporting, quality
control, and health and safety management), which is reflected in the architecture of Dalux
modules [5-7,23,24].

From a functional perspective, Dalux provides document management with version
control, BIM model viewing, issue management, review and approval workflows, checklists
and field inspections, as well as basic reporting functionalities [18-20,22]. In the context of
university construction projects, these capabilities enable the integration of information
generated by designers, contractors, clients, and end users within a single environment, in
accordance with the logic of ISO 19650 information containers [1-3,12,15,20,21].

Importance is attached to the role of Dalux as an environment that integrates informa-
tion originating from multiple sources and stages of the investment process. The platform
does not replace specialized software used for modeling, design, or engineering analysis
(e.g., Revit or Tekla); instead, it functions as a Common Data Environment that consolidates
information from various sources. In this approach, BIM models and project documenta-
tion are transferred into the CDE as information containers subject to defined publication,
review, and approval procedures in accordance with ISO 19650 requirements [1-3,5,6,8]. In
practice, this means that the effectiveness of a CDE implementation depends not only on
platform configuration but also on established information management procedures, publi-
cation rules for models and documents, and the information management competencies
and discipline of project participants [5-7,23].

4.2. Implementation Structure (Statuses, Roles, Workflows, and Metadata)

A mature implementation of Dalux as a CDE requires the deliberate mapping of key
ISO 19650 requirements into the platform configuration structure. The analysis of the
literature and implementation guidelines indicates that effective CDE implementation
requires consideration of five groups of elements:

1. Information status and folder structures;

Roles and permissions;

Information workflows and approval procedures;
Metadata and naming conventions;

SN IR

Integration of issues and field data.

The first element is the structure of information areas and folders corresponding to the
WIP, Shared, Published, and Archive information states. In practice, this is implemented
through dedicated information areas or folder structures representing different stages of in-
formation flow: multidisciplinary team working areas (WIP), coordination and review areas
(Shared), information approved for use by project participants (Published), and archived in-
formation versions captured at predefined project milestones (Archive) [1,3,5,7,8,23]. Such
an organization of the CDE separates working information from approved information
while enabling the reconstruction of decision and change histories, which is particularly
important in publicly funded projects [3,7,9,10,15-17].

The second layer concerns the role and permission model. The platform enables the
definition of roles (e.g., author, checker, approver, information manager) and the assign-
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ment of permissions related to viewing, editing, commenting, approving, and publishing
information within specific areas or folders [1-3,5-7,23]. In accordance with ISO 19650 and
the BIM information management literature, these roles should be linked to contractual
responsibilities and the RACI matrix rather than solely to organizational hierarchy, thereby
reflecting the actual distribution of responsibility for information management [3,6,7,15-17].

The third key element is the information workflow structure, comprising predefined
review and approval pathways for documents and models. Dalux supports multi-stage
workflows (e.g., author — checker — approver — publication) with defined deadlines,
transition rules, and mandatory comments [18-20,22]. Research on CDE implementation
demonstrates that formalized workflows reduce misunderstandings, shorten information
circulation times, and improve auditability of decisions, provided that the processes are
clearly communicated and consistently applied by project stakeholders [3-7,23,24].

The fourth layer concerns metadata and naming conventions. Dalux allows the
definition of metadata fields (e.g., project, facility, discipline, document type, project
stage, revision, and status) and can enforce their completion when files are added or
modified [1-3,5,18-20]. Combined with file naming templates and status control mecha-
nisms (e.g., “WIP,” “For Coordination,” “For Construction”), this functionality supports
the practical implementation of information container management principles defined in
ISO 19650 [3,5-7,11-13].

An additional important component of the implementation structure is the inte-
gration of issues, models, documents, and field data. Dalux enables issues such as
clashes, non-conformities, or contractor requests for information to be recorded directly
on BIM models or drawings and tracked through predefined workflows [18-20,22]. In-
tegrated issue management is recognized as one of the key mechanisms ensuring infor-
mation continuity between the design, construction, and operational phases of a built
asset [4,5,8-10,12,13,18-20].

In the context of university construction projects, Dalux may therefore function as a
platform that integrates ISO 19650 requirements with the information needs of public-sector
clients, supporting information management both during project delivery and throughout
the subsequent operational phase of the facilities [1-3,5,11-13,18-22]. Table 2 presents the
relationship between the main information management requirements defined in ISO 19650
and the corresponding configuration elements available within the Dalux CDE. The table
illustrates how normative requirements can be translated into solutions that are directly
implementable in project practice.

Although the implementation presented in this study is illustrated using the
Dalux platform, the proposed framework itself is platform-independent. Its core
elements—including ISO 19650 information states, metadata structures, roles and respon-
sibilities, workflows, and issue-management procedures—are derived directly from the
ISO 19650 series rather than from any specific software solution. Consequently, the frame-
work can be implemented in any Common Data Environment platform offering compa-
rable information management capabilities. The Dalux configuration presented in this
paper therefore serves solely as an illustrative implementation of the proposed framework,
demonstrating how ISO 19650 requirements can be operationalized within a commercial
CDE platform. The use of open standards, particularly IFC for information exchange and
BCF for issue communication, further supports interoperability, technological neutrality,
and compliance with public procurement principles.

Accordingly, the mapping presented in Table 2 should be interpreted as an example
of translating ISO 19650 requirements into platform configuration rather than as a Dalux-
specific implementation model. Similar implementation principles may be applied in other
CDE platforms supporting equivalent information management functions.
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PHASE IV - EVALUATION AND IMPROVEMENT

5. CDE Implementation Model for University Construction Projects
and Discussion

Based on a review of the literature concerning ISO 19650 implementation and infor-
mation management in public-sector projects, an eight-step implementation model for a
Common Data Environment (CDE) using the Dalux platform was developed for university
construction projects (Figure 4) [1-3,5-7,12,13,20,23]. The model is intended as a reference
framework and can be adapted to the scale, complexity, and specific characteristics of
individual university investments. From a sustainable construction perspective, the pro-
posed model aims not only to organize information flows during project delivery but also
to establish a foundation for the subsequent use of data in facility operation, renovation
planning, and lifecycle management. A properly configured CDE can support information
continuity between the design, construction, and operational phases of a building.

2. CDE template 3. Mapping of information states 4. Metadata and naming rules

7. Integration of field data, documentation, and BIM models

8. Quality audit and continuous improvement

Figure 4. Proposed CDE implementation model for university construction projects.

Phase I—Preparation

(Objective: Definition of the client’s information requirements and preparation of a
unified information management structure compliant with ISO 19650.)

1. Definition of Exchange Information Requirements (EIR) and Information Roles

The first step involves the formal definition of the client’s Exchange Information
Requirements (EIR) and the assignment of information management roles in accordance
with ISO 19650 (Appointing Party, Lead Appointed Party, and Task Teams) within the
context of a specific university. At this stage, key projects and operational decisions that
should be supported by the CDE are identified and linked to organizational responsibilities
(e.g., university departments, technical services, laboratory users).

2. Development of an ISO 19650-Compliant CDE Template

The second step involves the development of a standardized CDE project template
reflecting ISO 19650 requirements regarding information organization, information states,
and document and model classifications. The template should be reusable across multiple
university projects, thereby supporting information consistency throughout the institution’s
project portfolio.

3. Mapping WIP, Shared, Published, and Archive Information States within the
CDE Structure

The next step consists of translating ISO 19650 information states into the Dalux
environment through the creation of dedicated areas (or folder structures) for Work in
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Progress (WIP), Shared, Published, and Archive information. The literature emphasizes that
a clear distinction between these areas reduces the risk of using outdated documentation
and improves the auditability of decision-making processes.

4. Definition of Naming Conventions, Metadata, Statuses, and Revisions

The fourth step focuses on establishing a consistent file naming system and a set
of metadata fields (e.g., project, facility, discipline, document type, stage, status, and
revision) that must be completed when information is added or modified within the CDE.
According to ISO 19650 and CDE maturity studies, the consistent use of metadata and
status classifications is essential for filtering, reporting, and the future use of information
within Facility Management (FM) and Digital Twin (DT) environments.

Phase II—Configuration of Information Management Processes

(Objective: Translation of responsibilities, permissions, and decision-making processes
into the CDE.)

5. Configuration of Roles and Permissions According to the Project Gover-
nance Structure

Roles defined at the organizational level (Step 1) are subsequently mapped within
Dalux as user groups with specific permissions (viewing, editing, commenting, approving,
and publishing) assigned to individual information areas. The literature on BIM informa-
tion management indicates that effective CDE implementation requires these roles to be
linked to contractual and decision-making responsibilities rather than merely reflecting for-
mal organizational hierarchies, which is particularly important in universities characterized
by complex organizational structures.

6. Development and Implementation of Information Review and Approval Procedures

This step involves the design and configuration of review and approval workflows
for key classes of documents and models (e.g., discipline-specific BIM models, construc-
tion drawings, coordination records, and as-built documentation). Research on CDE
implementation and project risk management indicates that the formalization of such
procedures—with clearly defined stages, deadlines, and responsibilities—is one of the most
effective mechanisms for reducing information-related errors and coordination conflicts.

Phase III—Project Delivery and Information Management

(Objective: Operational use of the CDE for information coordination, document
management, and field process support.)

7. Integration of Field Data, Documentation, and BIM Models

Following the configuration of the CDE structure, user roles, permissions, and informa-
tion workflows, the platform enters the operational phase of project use. This stage includes
the integration of BIM models, project documentation, and construction-related informa-
tion such as issues, inspections, checklists, acceptance records, and quality management
documentation. Within the Dalux environment, issues can be linked directly to BIM model
elements or project documentation, ensuring information continuity between problem
identification, analysis, decision-making, implementation of corrective actions, and up-
dates to design and as-built information. Such an approach supports coordination among
project participants and reduces the risk of information loss associated with fragmented
communication channels. The literature highlights integrated issue management as one of
the key mechanisms supporting information continuity between the design, construction,
and operational phases of a building. Consequently, the CDE can function as a central
hub for information exchange and updates throughout the entire project lifecycle. From a
sustainability perspective, improved information continuity, decision traceability, and the
reuse of validated information containers may indirectly support more efficient resource
utilization and reduce the likelihood of design errors and rework activities throughout the
project lifecycle.
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Phase IV—Evaluation and Continuous Improvement of the CDE

(Objective: Monitoring information quality and continuously improving information
management processes.)

8. Information Quality Audits and Continuous Improvement of the CDE

The proposed eight-step CDE implementation model is derived directly from the
information management principles defined in the EN ISO 19650 series and is therefore
intended to be platform-independent. It defines the key elements of information man-
agement, including Exchange Information Requirements (EIRs), information roles and
responsibilities, information states (WIP, Shared, Published, Archive), metadata structures,
and review and approval workflows, which may be implemented in different Common
Data Environment platforms. The Dalux configuration presented in this paper serves
solely as an illustrative implementation example demonstrating the proposed framework
in practice.

The final stage of the model involves the periodic evaluation of information quality and
the effectiveness of CDE operations. This includes assessing compliance with established
procedures, evaluating the completeness and timeliness of information, and monitoring
the extent to which the environment is used by project stakeholders. The continuous
improvement process may utilize selected performance indicators, including the number
and resolution time of issues, metadata completeness, the number of document revisions,
the proportion of information published outside the CDE, and workflow completion rates.
The analysis of these indicators supports the identification of areas requiring improvement
and facilitates the refinement of both platform configuration and information management
procedures. For public-sector clients, including higher education institutions, this stage
is particularly important because it enables the gradual standardization of information
management practices across successive investment projects. As a result, the CDE evolves
from a tool supporting individual projects into a component of a long-term information
management system for university infrastructure.

5.1. Assessment of the Implementation Level of ISO 19650 Requirements in the Dalux CDE

Based on the proposed implementation model and the requirements of the ISO 19650
standard, a set of example indicators was developed to support the assessment of the im-
plementation level of a CDE in university construction projects (Table 1) [1-3,5-7,20]. These
indicators refer to key information management components, including the organization of
information states, metadata management, roles and responsibilities, information work-
flows, BIM model integration, and issue management. Their purpose is to support monitor-
ing of CDE performance and the identification of areas requiring further improvement.

Table 1 presents example indicators that can be used to assess the implementation
level of ISO 19650 requirements within the Dalux CDE. The proposed metrics address both
technical aspects (information structure, metadata, workflows) and organizational aspects
(roles, responsibilities, and process compliance), thereby supporting the monitoring of
information management quality and the identification of areas requiring improvement.
These indicators may be applied during periodic CDE audits, information maturity man-
agement assessments, and comparative evaluations of projects delivered by public-sector
clients. They also represent an extension of the “Evaluation and Improvement of the CDE”
stage included in the proposed implementation model (Figure 4).

Complementing the presented assessment indicators, Figure 5 illustrates the map-
ping of ISO 19650 requirements onto the configuration of the Dalux CDE. The diagram
demonstrates the relationships between information management requirements, the cor-
responding mechanisms operating within the CDE, and their implementation through
specific Dalux configuration settings.
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Figure 5. Model for Mapping ISO 19650 Requirements onto the Configuration of the Dalux CDE.

5.2. Issue Management Cycle in the CDE

Once the CDE has been configured in accordance with ISO 19650 requirements, the
way it is used in day-to-day information management becomes critically important. A
particularly significant role is played by the issue management process, which supports the
identification, analysis, and resolution of problems arising during the design, construction,

and commissioning stages of a project (Figure 6).
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Figure 6. Example of Issue Registration and Management in the Dalux CDE.
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Within the CDE, issues may relate to design clashes, construction non-conformities,
documentation errors, or the need to clarify technical solutions. Regardless of the nature of
the issue, its handling follows a structured process involving identification, registration,
assignment of responsibility, analysis, decision-making, implementation of corrective
actions, and the subsequent update of documentation and BIM models [4,5,8-10,12,13].
From an information management perspective, maintaining continuity between a problem
identified on site or within a BIM model and the information subsequently published for
project stakeholders is particularly important. This means that every design or construction
decision should be reflected in the current documentation and models, while the history of
changes should remain available for future verification and auditing purposes [1-4,8-10].

In university construction projects, integrated issue management supports coordina-
tion among project participants, reduces the risk of information loss, and improves the
traceability of decisions. From the perspective of a public-sector client, this is particularly
important for ensuring process transparency and maintaining the quality of documentation
delivered for the operational phase of the asset [7,12,13,15-17,20].

Figure 7 presents a model of the issue management workflow within a CDE, cover-
ing the stages from problem identification through issue analysis and processing to the
implementation of corrective actions and the updating of models and documentation. The
diagram emphasizes the importance of maintaining information continuity between the de-
sign, construction, and operational phases in accordance with the information management
principles defined in ISO 19650.
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Figure 7. Issue Management Cycle in an ISO 19650-Compliant CDE.

6. Empirical Verification of the Model in University Projects
6.1. Project A—New Laboratory and Educational Building

Project A involved the construction of a new laboratory and educational building with
a floor area of several thousand square meters, characterized by a high level of technical
complexity resulting from the implementation of extensive HVAC systems, a Building
Management System (BMS), and specialized educational and performance spaces. The
design and construction team included several major disciplines (architecture, structural
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engineering, mechanical services, electrical engineering, and telecommunications), as well
as a large group of university stakeholders (laboratory users, library staff, administrative
personnel, concert hall users, and technical services) [11-13].

In this project, the Dalux platform served as the central CDE supporting design co-
ordination and information exchange among project participants. Construction-related
issues were linked to specific locations within the BIM model and assigned to responsible
disciplines, reflecting recommendations found in the literature regarding issue manage-
ment in CDEs [4,5,8-10,12,13,18-20]. During the design phase alone, 325 issues were
analyzed, primarily involving interdisciplinary clashes, contractor queries, and documen-
tation inconsistencies. The analysis of the number of issues, issue resolution times, and the
degree of integration with BIM models indicates a gradual increase in information man-
agement maturity and improved integration of design and field data throughout project
delivery [3-6,8-10,12,13]. These findings are consistent with trends reported in studies on
CDE and BIM/FM implementation in complex public buildings [5,7,11-13].

6.2. Project B—New Specialized Facility

Project B involved the construction of a new specialized facility functionally connected
to the historic fabric of the university campus, requiring consideration of conservation
requirements and restrictions related to cultural heritage protection [11-14].

In this project, Dalux was used as the central CDE supporting both the design and
construction processes, with particular emphasis on documenting conservation-related
decisions and managing changes resulting from discoveries made during construction
activities [4,5,8-11,14]. The project adopted a WIP, Shared, Published, and Archive structure;
however, particular attention was devoted to configuring metadata and document/model
statuses associated with conservation activities (e.g., distinguishing between proposed,
surveyed, and as-built conditions) [1-3,5,11-14,18-20].

During the analyzed period, more than 700 issues were registered in Project B, mainly
related to clashes between newly designed building services and elements of the historic
structure, discrepancies between survey documentation and actual site conditions, and the
need to update HBIM models based on field discoveries. Linking issues with BIM models,
design documentation, and survey materials enabled more comprehensive documentation
of the decision-making process and reduced the information risks typically associated with
projects carried out in historic buildings.

6.3. Analysis of Selected CDE Performance Indicators

Selected performance indicators related to issue and clash management were derived
from anonymized Dalux system logs exported from the two analyzed university construc-
tion projects. The empirical analysis was based on data extracted directly from the CDE,
including issue registers, document revision histories, workflow logs, and BIM-related
metadata. The exported datasets were processed using aggregated project statistics without
analyzing individual user activity. Time-based indicators (e.g., issue closure time) were cal-
culated from issue creation and closure timestamps automatically recorded within the CDE
platform, whereas document-related indicators were derived from document metadata,
publication status, revision history, and workflow records.

The data are exploratory in nature and are intended to illustrate methods for monitor-
ing CDE performance in university construction projects. The indicators are not intended
for benchmarking purposes but rather to demonstrate the monitoring approach associated
with the proposed implementation model. The following indicators were analyzed:

e  Number of issues categorized by type (clashes, contractor queries, documentation
inconsistencies, operational comments);
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e  Average response and issue closure times;

e  Proportion of issues linked to BIM models compared to issues based solely on drawings;

e  Number of revisions of key models and documents, and the proportion of revisions
processed through the defined workflow [3-6,8-10,12,13,18-20].

The collected data enabled an assessment of the extent to which the CDE was utilized
and supported the evaluation of selected information management performance indicators.
For this study, the performance indicators were defined as follows:

e Issues per 100 documentation sheets: The total number of issues registered in the
CDE divided by the number of documentation sheets published in the Shared and
Published areas, multiplied by 100.

e  Issues related to outdated documentation: Issues that, based on their descriptions and
status histories, were classified by the information manager as resulting from the use
of superseded or incorrectly published documents.

e  Average issue closure time: Calculated automatically from the timestamps of issue
creation and issue closure recorded in the Dalux issue management module, excluding
issues that remained open at the time of data export.

e  Share of issues linked to BIM models: Calculated as the proportion of issues assigned
to a BIM object or model location within the CDE relative to all registered issues.

e  Share of clashes identified only during construction: The proportion of clashes that
were first detected on site relative to all registered clashes.

The indicator values were calculated from anonymized and aggregated data exported
from the Dalux platform, including issue records, document revision histories, and work-
flow statistics, and are presented as approximate ranges rather than exact project values.
Table 3 summarizes the resulting CDE performance indicators. These indicators relate
directly to information management and were selected based on the literature concerning
CDE maturity assessment and BIM/FM performance evaluation [3-7,20]. Due to differ-
ences in project size and characteristics, the results are presented primarily as relative
indicators, enabling comparison of CDE performance independently of project scale.

Table 3. Selected Performance Indicators of the CDE in the Analyzed Projects.

Project A—New Laboratory and  Project B—Specialized Facility

Indicator Educational Building in a Historic Context
Number of issues per 100 documentation apbrox. 12 approx. 15

sheets (after CDE stabilization) pprox. pprox.

Share of 1sues related to outdated <10% of all issues approx. 15% of all issues
documentation

Average issue closure time (calendar days) 5-7 7-10

Share of clashes identified only during o o

construction (relative to all registered clashes) approx. 20% approx. 30%

Share of issues directly linked to BIM models approx. 75-80% approx. 75-80%

Note: The indicator values were calculated from anonymized data exported directly from the Dalux CDE platform,
including issue registers, document metadata, revision histories, and workflow logs. Due to confidentiality
agreements with the project owner, the results are reported as approximate values and aggregated statistics rather
than exact project figures. The values are intended to illustrate methods for monitoring CDE performance and are
not statistically representative.

The obtained indicator values are consistent with trends reported in studies on CDE
and BIM/FM environments, highlighting the potential benefits of structured information
management. The relatively low proportion of issues resulting from the use of outdated
documentation and the shorter issue closure times observed in Project A correspond with
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benefits identified in the literature regarding improved access to up-to-date information,
reduced errors, and shorter response cycles. Less favorable results observed in Project B
emphasize the importance of source data quality and the complexity of heritage-related
constraints, which are frequently identified in HBIM and historic building renovation
studies as key factors limiting CDE effectiveness.

In Project A, the relatively low share of issues related to outdated documentation
(below 10% of all issues) can be attributed to the consistent use of WIP, Shared, Published,
and Archive areas, as well as clearly defined publication procedures for construction-related
documents. This finding aligns with research indicating that clear separation of information
states and effective control of document statuses and revisions reduce risks associated with
fragmented and inconsistent data [5-8,23]. The average issue closure time of 5-7 days is also
consistent with studies reporting reduced information processing times achieved through
integrated workflows instead of email-based communication and informal coordination
channels [5-7]. Furthermore, the high proportion of issues directly linked to BIM models
demonstrates extensive use of the model as the primary carrier of design and coordination
information, contributing to reduced interpretation errors and improved communication
among project participants.

In Project B, the indicator values were less favorable. The proportion of issues related
to outdated documentation and the percentage of clashes detected only during construc-
tion were higher, while average issue closure times were longer than those observed in
Project A. These results can be interpreted because of greater uncertainty in source data,
the need to accommodate conservation requirements, and the increased complexity of
decision-making processes typical of projects implemented in historic buildings. These
findings are consistent with studies on HBIM and information management in renovation
projects, which emphasize the influence of source data quality and process efficiency on
the performance of CDEs [16].

Nevertheless, both projects provide illustrative evidence of potential benefits in terms
of decision traceability and change history management. Linking issues to BIM models
and documentation, recording decisions within workflows, and utilizing Published and
Archive areas facilitated the reconstruction of responsibility chains and decision rationales.
This observation is consistent with the literature on CDE implementation in public-sector
projects, which highlights the importance of information transparency and auditability for
public clients and university infrastructure managers.

Overall, the indicator values suggest a relatively mature implementation of infor-
mation management processes within the analyzed CDEs, particularly with respect to
document centralization, standardized naming conventions, and the formalization of issue
management workflows. At the same time, the presence of non-compliant files, residual
use of e-mail for information exchange, and a limited number of long-open issues indicates
the need for periodic CDE audits and targeted training activities, as envisaged in the final
step of the proposed implementation model.

The presented findings complement the literature review section and demonstrate
the practical applicability of the proposed implementation model in real university con-
struction projects. They may also be interpreted from the perspective of sustainable project
management, as reducing errors caused by outdated documentation, shortening issue
resolution times, and improving decision traceability can indirectly contribute to reducing
material waste, minimizing rework, and promoting more efficient use of organizational and
technical resources. These observations suggest that a properly configured CDE can sup-
port not only information management quality but also selected objectives of sustainable
construction related to process efficiency and resource optimization.
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7. Discussion
7.1. The Importance of CDE Configuration for Reducing Information Risk

The findings obtained from the two university projects confirm conclusions reported
in the literature, namely, that the mere presence of a CDE platform does not guarantee
improvements in information management quality. Instead, the key factors are the way the
environment is configured, its integration with organizational processes, and the degree
to which established procedures are consistently followed by project participants [3-7].
In particular, the structure of the WIP /Shared /Published / Archive areas, clearly defined
roles and permissions, consistent metadata, and formal approval workflows proved to
be fundamental elements influencing the reduction in risks associated with working on
outdated documentation and improving transparency of responsibilities [1-3,5-7].

Empirical observations from Projects A and B indicate that projects with similar
functional characteristics may exhibit different levels of information maturity depending
on the consistency with which CDE principles are applied by project stakeholders. These
findings confirm that the effectiveness of a CDE is determined not only by the technology
employed but also by organizational, procedural, and competency-related factors. In the
analyzed university projects, a critical aspect was the alignment of the Dalux configuration
with the Employer’s Information Requirements (EIRs), the university’s organizational
structure, and the specific needs of end users. This observation is consistent with the
recommendations of the ISO 19650 standards and studies on BIM governance in the public
sector [3,5-8].

The obtained results are also consistent with observations reported in the literature,
indicating that the effectiveness of a CDE depends to a greater extent on the quality of
information management processes than on the software functionalities themselves [3-7].
Importance is attributed to the proper definition of roles and responsibilities, metadata
quality, the formalization of information workflows, and the consistent application of
document publication and approval procedures. Similar conclusions were presented by
Seyis and Ozkan [6], who identified organizational and information maturity among
project participants as one of the key factors influencing the effectiveness of BIM- and
CDE-based environments.

7.2. Implications for Public Clients and Sustainable Campus Management

From the perspective of public clients, including higher education institutions, the
proposed CDE implementation model has several practical implications. First, it highlights
the need to treat CDE as an element of a broader organizational information management
strategy rather than merely as a “file-sharing tool” [3,6,7,13,15]. Second, it emphasizes the
importance of developing CDE templates and metadata standards at the level of the entire
investment portfolio, thereby facilitating data comparability between projects and support-
ing the gradual development of a campus-wide organizational memory [5,7,12,15,20,21].
From a sustainable construction perspective, CDEs can contribute to reducing information
losses, minimizing design and construction errors, and enabling more efficient use of re-
sources throughout project delivery. Improved information quality may indirectly reduce
the number of design changes implemented during construction, decrease construction
waste generation, and support more effective planning of operational processes. These
benefits are consistent with the principles of Smart Construction and sustainable lifecycle
management of built assets. However, the present study evaluates these benefits only from
the perspective of information management quality and process performance. The rela-
tionship between CDE maturity and quantitative environmental indicators, such as waste
generation, energy consumption, greenhouse gas emissions, or lifecycle costs, requires
further investigation and remains an important direction for future research.
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BIM/FM case studies conducted on university campuses demonstrate that the con-
sistent application of BIM and CDE across successive projects can facilitate the integra-
tion of asset-related information, support maintenance planning, improve response to
failures, and enable the implementation of Digital Twin and Facility Management solu-
tions. The findings presented in this study suggest that a properly configured Dalux CDE
can serve as a platform integrating design, construction, and operational data, thereby
acting as a bridge between the investment process and the FM systems used by universi-
ties [9,12,15,18,20,21,27]. In the long term, such an approach may support the development
of a digital knowledge repository for campus infrastructure, enabling information collected
during project delivery to be reused for operation, modernization, and the planning of
future investments.

7.3. Research Limitations

The study has several limitations that should be considered when interpreting the
findings. First, the empirical data were obtained from only two university projects carried
out within a single country and organizational environment, which limits the generalizabil-
ity of the conclusions to other public-sector investments [3-7,12,15,20]. Second, the analysis
of performance indicators (e.g., number of issues, response times, and the proportion of
issues linked to BIM models) is illustrative in nature. No formal statistical analysis was
performed, nor was a comparison made with a control group of projects that did not
use a CDE [3-7,9,10]. Third, the study focuses on a single platform (Dalux). While this
strengthens its practical applicability, it also limits comparisons with other CDE solutions
discussed in the literature, such as Autodesk Construction Cloud, Bentley ProjectWise, or
Trimble Connect [5-7,9,10,18-20]. An additional limitation is the inability to isolate the
influence of individual CDE configuration elements on the observed outcomes. The effects
identified in the analyzed projects result from the interaction of technological, organiza-
tional, and competency-related factors. Consequently, the proposed implementation model
and the associated findings should be regarded as a framework and a set of hypotheses for
further validation rather than as a universal standard applicable to all project types. Future
studies should therefore include a larger number of projects, different categories of public
clients, and comparative analyses of multiple CDE platforms. Such research would enable
a more comprehensive assessment of the impact of CDEs on information management
performance throughout the lifecycle of built assets.

Furthermore, the indicators applied in this study focused primarily on issue and clash
management. Other potential effects of CDE implementation, including impacts on project
costs, safety performance, and user satisfaction, remained outside the scope of the present
research and should be investigated in future studies.

8. Future Research Directions in the Areas of CDE, Digital Twins, and
Lifecycle Management

The findings of this study open several promising directions for future research. First,
it appears justified to extend the analysis to a larger number of university projects and
investments undertaken by other public-sector clients. Such an approach would enable a
quantitative assessment of the influence of individual CDE configuration elements, such as
information area structures, workflows, metadata, and issue management mechanisms, on
information risk levels and overall project performance [3-7,12,20,23].

Another promising research direction concerns the development of the concept of
“campus information memory”, created on the basis of data accumulated through suc-
cessive projects implemented within a CDE. This topic may be explored both from the
perspective of integration with Facility Management systems and Digital Twin solutions,
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and from an organizational perspective involving the standardization of procedures, devel-
opment of information templates, and systematic reuse of experience gained from previous
projects [5,7,12,15,20,21]. In particular, it would be valuable to investigate how data derived
from issues, revision histories, and metadata can support the continuous refinement of
Employer’s Information Requirements (EIR) in subsequent investment projects [1-3,5-7,13].

An important area for further investigation is the application of CDEs in cultural
heritage projects. In particular, in-depth case studies integrating CDE platforms with
HBIM models and conservation decision-making processes are needed. Such studies
could focus on methods for documenting data uncertainty, ensuring source traceability,
monitoring decision-making processes, and assessing the impact of CDE implementation
on the long-term management of historic buildings [14,16].

Another significant research direction involves the development of CDE maturity
assessment frameworks tailored to the needs of public-sector clients, including universities.
Such frameworks should address not only technical aspects related to platform configura-
tion but also organizational factors such as information governance, user competencies,
and data-driven working cultures [3-7,20,23]. The integration of maturity indicators with
operational data collected from CDE platforms could provide a basis for objectively as-
sessing implementation progress, monitoring organizational development, and comparing
outcomes across different institutions and project types.

From the perspective of sustainable development goals, a particularly interesting area
for future research is the analysis of relationships between CDE maturity and environmental
performance indicators, such as construction waste generation, the number of design and
construction changes, energy efficiency, and lifecycle costs. Such studies would contribute
to a better understanding of the role of information management as a factor supporting
sustainable construction and resource-efficient asset management.

In the longer term, another promising direction involves the application of artificial
intelligence (AI) methods to analyze data accumulated within CDEs. Automated analysis
of issues, revision histories, project documentation, and operational data could support the
identification of recurring problems, prediction of information-related risks, and continuous
improvement of information management processes throughout the entire lifecycle of built
assets. Al-enabled CDEs may therefore become an important component of future Digital
Twin ecosystems and intelligent infrastructure management systems.

9. Conclusions

Common Data Environments (CDEs) are increasingly recognized as one of the key
components of mature information management in BIM-enabled construction projects
and in projects implemented in accordance with the ISO 19650 series of standards [1-4].
The literature review conducted in this study indicates that a CDE should be understood
not merely as a file repository, but rather as a combination of a technical platform and an
organizational framework encompassing roles, permissions, workflows, metadata, and
access management principles [3-7].

Against this background, the present study contributes to the existing body of knowl-
edge by proposing an eight-step CDE implementation model for university construction
projects that directly reflects the requirements of ISO 19650 and translates them into spe-
cific configuration elements of the Dalux platform [1-3,5-8,12,13,20,23]. The proposed
model combines standard-based requirements, findings from scientific literature, and prac-
tical experience gained from university construction projects, thereby providing a coherent
framework for implementing CDEs within public-sector organizations. The developed com-
pliance matrix (ISO 19650-Dalux) and the issue management loop illustrate how abstract
normative concepts can be operationalized in real university projects while accounting
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for organizational constraints and the requirements of public clients [3-7,9,10,15-17]. In
this context, the value of the study lies not only in identifying good practices but also in
demonstrating how these practices can be implemented within a specific CDE.

The analysis of two university construction projects provides exploratory evidence
that implementing a CDE model based on the WIP/Shared/Published / Archive struc-
ture, consistent metadata, formalized workflows, and issue-to-BIM model integration may
contribute to reducing work performed on outdated documentation, shortening issue
resolution times, and improving the transparency of responsibilities and decision-making
processes within the analysed project contexts [3-7,12,20,21]. Of particular importance
was the alignment of the CDE configuration with the Employer’s Information Require-
ments (EIRs), the organizational structure of the university, and the specific operational
characteristics of the campus. This finding is consistent with previous research on BIM/FM
and Digital Twin applications in complex building portfolios [6,7,9,12,18,20,21,27]. The
results further indicate that the effectiveness of a CDE is largely determined by organi-
zational factors, including the definition of responsibilities, the quality of information
management procedures, and the consistency with which adopted standards are applied.
Consequently, the benefits achieved are not solely the result of deploying an appropriate
software platform but primarily stem from the proper design and governance of informa-
tion management processes.

The findings also highlight that CDE should be regarded as part of a broader or-
ganizational information management strategy encompassing standards, templates, and
processes, rather than as a standalone technological solution. In the context of higher
education institutions, this implies the need to consider CDE at the campus level as a
tool for building organizational information memory, integrating asset-related data, and
preparing the foundation for BIM-based facility management, operation and maintenance
systems, and Digital Twin implementations [5,7,11-13,15-17]. The results suggest that a
properly configured CDE can serve as a central component of campus information infras-
tructure, integrating design, construction, and operational data throughout the lifecycle
of buildings. From this perspective, CDE becomes not only a tool supporting the delivery
of individual projects but also a platform enabling the development of long-term orga-
nizational knowledge about university assets. Such an approach is consistent with both
the Smart Construction paradigm and the principles of sustainable construction, as it may
support more efficient information utilization, reduce information losses, and promote
more effective management of built assets throughout their lifecycle. These should be
interpreted as potential indirect contributions of improved information management rather
than outcomes directly measured in this study.

The implementation model and the empirical observations presented in this paper pro-
vide a foundation for future quantitative and comparative studies, particularly in the area of
developing CDE maturity indicators tailored to the needs of public-sector clients and assess-
ing the long-term impact of CDEs on campus management performance [3-7,11-13,15-17].
A particularly promising direction for future research is the integration of CDEs with artifi-
cial intelligence (Al)-based solutions capable of analyzing data generated during the design,
construction, and operational phases of buildings, thereby supporting decision-making pro-
cesses related to university infrastructure management. Overall, the findings suggest that
the effectiveness of a CDE is largely determined by organizational and governance factors
rather than by software functionalities alone. From a sustainable construction perspec-
tive, the study indicates that ISO 19650-compliant CDE implementation may strengthen
information governance, support lifecycle-oriented decision-making, and contribute to
the long-term management of university infrastructure by providing a consistent and
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reliable information environment. Quantitative assessment of environmental and lifecycle
performance remains an important direction for future research.
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