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1 INTRODUCTION
1.1 BACKGROUND AND CONTEXT

The construction sector, historically perceived as conservative and slow to adapt to
technological innovations, is experiencing transformative changes driven by digitalization and
sustainability imperatives. Artificial Intelligence (Al) has emerged as one of the most potent
catalysts for change, promising efficiency gains, risk reduction, improved decision-making, and
significant contributions to sustainability through circular building principles. While the global
landscape showcases rapid advancements and varied applications of Al-driven solutions,
localized analyses and contextual adaptations are essential to leverage these technologies
effectively.

This report addresses the critical need to evaluate the current state and future opportunities
of Al-based tools in the construction sector, with particular emphasis on their potential to
support circular building practices. Special attention is given to assessing global trends and local
conditions in Slovenia and the Italian region of Friuli Venezia Giulia.

1.2 PURPOSE AND OBJECTIVES OF THE REPORT

The central objective of this report is to systematically identify, analyse, and categorize Al-based
technologies currently transforming the construction industry. By examining the latest global
trends and specific regional developments, the report aims to provide actionable insights into
the integration and optimization of Al solutions tailored to local needs.
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Specifically, the report will:
¢ Identify and classify existing Al-based solutions in the global construction sector.

e Analyse key technical, organizational, legal, and ethical challenges associated with Al
implementation.

e Provide a comparative analysis of global Al implementation trends, highlighting the
positioning and potential of Slovenia and Friuli Venezia Giulia.

e Explore opportunities for cross-border collaboration and synergy between Slovenia and
Friuli Venezia Giulia.

e OQutline practical recommendations and a strategic roadmap for the successful adoption
of Al solutions in the regional construction industry.
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1.3 METHODOLOGICAL APPROACH

The methodology employed integrates a comprehensive literature review, case studies,
industry expert consultations, and comparative analyses. The methodological framework
(detailed further in Chapter 2) ensures rigorous identification and categorization of Al tools,
critical assessment of implementation challenges, and evaluation of regional readiness. A
multidisciplinary approach was chosen to ensure robust insights, encompassing technical
feasibility, organizational adaptability, economic viability, and regulatory compliance.

1.4 SCOPE AND STRUCTURE OF THE REPORT

Following this introductory chapter, Chapter 2 elaborates on the research methodology
employed to identify and categorize Al solutions. Chapter 3 presents an in-depth analysis of the
technical, organizational, and regulatory challenges faced by stakeholders when integrating Al
into existing systems. Chapter 4 examines global economic trends in Al adoption and compares
these trends with local circumstances in Slovenia and Friuli Venezia Giulia, identifying regional
strengths, weaknesses, opportunities, and cross-border collaboration potentials. Chapter 5
consolidates key findings, providing strategic recommendations and outlining a roadmap to
accelerate and optimize Al integration in the construction sector. Chapter 6 offers
comprehensive references and supporting literature. Appendix 1 provides list of identified and
potentially applicable Al tools. Appendix 2 provides detailed description of selected Al tools that
were described in a format of innovation data collection sheet. This structured and
comprehensive approach aims to equip industry leaders, policymakers, academics, and other
stakeholders with a clear, evidence-based foundation for decision-making and strategy
formulation in advancing circular and sustainable construction practices through Al-driven
innovation.
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2 METHODOLOGY FOR IDENTIFYING Al
SOLUTIONS IN THE CONSTRUCTION
SECTOR

2.1 APPLIED APPROACH AND METHODOLOGY

In recent years, Al has become a pivotal tool for optimizing processes across various industries,
including construction. The increasing complexity of decisions and growing volumes of data
necessitate advanced methods capable of effectively identifying, analysing, and categorizing
relevant solutions. Ensuring a systematic and comprehensive review of Al solutions requires
integrating automated data processing methods with expert knowledge and verified
information sources.

The adopted research methodology comprises several critical phases: precisely defining the
research problem, iterative searching and validation of data, and subsequent final analysis and
categorization. By combining generative Al, specialized data sources, and domain expertise,
more reliable and practical results are attainable. The iterative nature of this process, involving
multiple validation and refinement cycles, ensures accurate identification and comparative
evaluation of the most suitable solutions.

The detailed research steps, including the integration of Al tools and expert knowledge to
achieve relevant and reliable outcomes, are outlined below:

1. Defining Research Scope and Focus:
e Precisely defining the research problem and determining search parameters.
e Defining Al solutions as tools leveraging advanced computational algorithms to
optimize construction processes.
2. lIterative Research Process:
¢ Initial identification of key categories of Al solutions within the construction sector.
e Gradual deepening of the research by incorporating additional sources.
e Conducting multiple rounds of searching and validation to ensure data
comprehensiveness.
3. Incorporating Expert Knowledge:
e Utilizing specialized databases and professional literature.
e Consulting construction industry experts to validate identified solutions.
e Comparing findings with existing market reviews.
4. Categorization and Analysis of Collected Data:
e Classifying identified tools into meaningful categories based on functionality.
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e Analysing each solution according to key parameters: functionality, client references,
advantages, disadvantages, and Al methods used.
e Conducting comparative analysis within each category.

This structured methodology facilitated the systematic identification and detailed analysis of a
broad spectrum of Al solutions relevant to the construction sector, most of which were included
in the final overview.
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Figure 1 illustrates the iterative process of searching, analysing, and validating solutions using
generative artificial intelligence and expert knowledge. The diagram is structured into multiple
layers representing different roles involved, from the end user to artificial intelligence and
expert sources. The process begins with defining the search objective, which initiates the initial
input for the language model. Potential solutions are identified, categorized, and analysed. If
the solution set is adequate, the final result is presented to the user. Otherwise, a comparison
with existing market reviews follows. If solutions remain unsatisfactory, additional resources
such as domain experts and specialized databases are integrated to refine inputs for Al. This
updated set then re-enters the search and analysis cycle until an optimal outcome is achieved.
The diagram underscores an iterative and systematic approach where Al serves as a tool for
initial solution generation, while final validation relies on expert knowledge and verified
information. Such a model ensures reliable identification and analysis of solutions across
various sectors demanding precision and accuracy.

2.2 CATEGORIZATION OF IDENTIFIED SOLUTIONS

Upon completion of the research process, identified Al solutions were classified into the
following primary categories:

1. Project Management and Collaboration.

Use of Drones for Construction Monitoring.
Al-driven Quality Control and Safety Monitoring.
Pre-Construction and Procurement.

Circular Construction and Sustainable Planning.
Predictive Analytics and Maintenance.

Design Optimization and Generative Design.
Digital Twins.

9. Automation of Construction Processes and Smart Buildings.
10. Visual Analysis and Image Processing.

11. Smart Materials and Automated Construction.

N hAWN

For each identified solution within these categories, the following data were compiled:

e Tool name and link.

e Description of main functionality.
e Client references.

e Key advantages.

e Main disadvantages.

e Al methods applied.
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Table 1 presents short overview of identified and potentially applicable Al solutions. A detailed
list of all 45 potentially applicable Al solutions is provided in Appendix 1. Among these 45 Al
solutions, 19 have been selected as suitable for the Circular.Buildings project (marked green in
Table 1) and detailly described in Appendix 2 using Innovation Data Collection Sheet.
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Table 1: Overview of all identified Al solutions: Project Management and Collaboration

Project Management and Collaboration
Identified Al tool Short description Selected

A comprehensive project management
Procore platform that provides tools for planning, Ves
(https://www.procore.com/) monitoring, and collaboration, including BIM

integration.
ClickUp A project management tool that offers flexible No
(https://www.clickup.com/) work organization and progress tracking.
Fieldwire Atas.k managementand.com.mun|cat|or.1
h ‘ fieldwi application for construction sites, enabling Yes
(https://www.fieldwire.com/) efficient team collaboration.
PlanSwift A tool for digital measurement and cost Ves
(https://www.planswift.com/) estimation in construction projects.
OpenRAN A.I-dr|ven .networ.k optlmlzathn t.echnology
httos:// y aimed at improving communication No
(https://www.openran.com/) infrastructure, including on construction sites.
Raken A construction field management platform
h . c focused on daily reporting, time tracking, and Yes
(https://www.rakenapp.com/) compliance.
Aconex A document management and collaboration
(https://www.oracle.com/industries/co | platform for large construction and No
nstruction-engineering/aconex/) engineering projects.
CoConstruct A constrgctpn prOJect. management and F:I|ent
H ' communication tool aimed at small-to-mid- Yes
(https://www.coconstruct.com/) sized firms.
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Table 2: Overview of all identified Al solutions: Use of drones, Quality Control and Safety Monitoring

Use of Drones for Construction Monitoring
Identified Al tool Short description Selected
Al-powered drones and
Exyn autonomous robotic solutions for No
Technologies (https://www.exyn.com/) industrial surveying and mapping,
including construction.
Al-driven Quality Control and Safety Monitoring
Identified Al tool Short description Selected
Al Clearing An automated progress tracking and
httos: icleari quality assurance platform for large No
(https://www.aiclearing.com/) construction sites.
AVEVA Insight A data management tool enabling
(https://www.aveva.com/en/products/aveva- analytics and visualization for No
insight/) operational efficiency.
Smartvid.io AI-powered. plqtform forJob site
httos:// id.iof safety monitoring and risk No
(https://www.smartvid.io/) assessment through video analysis.
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Table 3: Overview of all identified Al solutions: Pre-Construction and Circular Construction

Pre-Construction and Procurement

Identified Al tool Short description Selected
SmartBuild Al-driven construction optimization platform No
(https://www.smartbuild.com/) improving project productivity.

Ribbit.ai Al-based financial risk assessment platform, No
(https://www.ribbit.ai/) offering improved financial solutions.
Prophix A financial process automation tool that aids No
(https://www.prophix.com/) construction cost tracking and analysis.
Airswift A glo.baTI .vvor.kforce .solutlons provider
_ rswif specializing in staffing and workforce No
(https://www.airswift.com/) management.
Katerra A technology-driven construction company
httos: K integrating design, supply chain, and No
(https://www.katerra.com/) prefabrication.
Brighter Al Al-based platform for privacy protection and No
(https://www.brighter.ai/) data anonymization.
. A cloud-based construction management
Buildertrend . .
. software designed for home builders, No
(https://www.buildertrend.com/) .
remodelers, and specialty contractors.
Circular Construction and Sustainable Planning

Identified Al tool Short description Selected
EcoReal A sustainability-focused  platform  for No
(https://www.ecoreal.com/) energy-efficient building management.

8 e 2 G
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Table 4: Overview of all identified Al solutions: Predictive Analytics and Generative Design

Predictive Analytics and Maintenance

Identified Al tool Short description Selected
SAP Predictive Maintenance A predictive maintenance solution that
(https://www.sap.com/products/predictive- | leverages Al to monitor equipment No
maintenance.html) performance and predict failures.

Al-powered progress tracking and
Doxel (https://www.doxel.ai/) predictive analytics tool for construction No
project monitoring.

Edge Al Construction Al-based platform for monitoring and No
(https://www.edgeaiconstruction.com/) optimizing construction progress.
VIM AEC A construction data management platform NG
(https://www.vimaec.com/) integrating BIM and analytics tools.
Design Optimization and Generative Design
Identified Al tool Short description Selected

e 2SS
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Table 5: Overview of all identified Al solutions: Predictive Analytics and Generative Design

Digital Twins

Identified Al tool Short description Selected
. , A cloud-based IoT operating system
Siemens MindSphere . : P . g y
: . : enabling real-time monitoring and No
(https://siemens.mindsphere.io/) - L .
digital twin simulations.
SAP Predictive Engineering Insights Al-based engineering insights
(https://www.sap.com/products/predictive- | platform that enhances structural No
engineering.html) performance monitoring.
. : Consulting services for construction
Accenture Construction Services - 5 L .
digital transformation, including Al No
(https://www.accenture.com/) . .
implementation.
Automation of Construction Processes and Smart Buildings
Identified Al tool Short description Selected
Al-driven platform optimizing
BuildinglQ (https://www.buildingig.com/) energy efficiency and smart No
building management
Johnson Controls Metasys A building automation system that
(https://www.johnsoncontrols.com/building- | enhances energy efficiency and No
automation) security management.
Visual Analysis and Image Processing
Identified Al tool Short description Selected
Smart Materials and Automated Construction
Identified Al tool Short description Selected
Al-enhanced robotic solutions for
Construction Robotics automating construction tasks such No
(https://www.construction-robotics.com/) as bricklaying and material
handling.
. A low-carbon cement production
Sublime Systems . i
. company using Al for optimizing No
(https://www.sublimesystems.com/) . :
sustainable materials.
¥ e 22222233 GO
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3 IDENTIFICATION AND ANALYSIS OF KEY
CHALLENGES IN IMPLEMENTING Al
SOLUTIONS

Al is rapidly emerging as a transformative force in the construction sector, promising significant
gains in productivity, efficiency, and safety. Despite its considerable potential, several
challenges remain that hinder its widespread adoption. These challenges can be broadly
categorized into three main areas: technical, organizational, and legal/ethical.

3.1 TECHNICAL CHALLENGES

Technical challenges represent some of the most immediate hurdles in adopting Al solutions,
largely because construction environments are often characterized by complex, legacy systems
and fragmented technological infrastructures.

Spazio per il logo e /o denominazione del LP o
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3.1.1 Integration with Traditional Legacy Systems

One of the most significant technical challenges in implementing Al solutions is the integration
with existing, often outdated technological infrastructures. Many construction companies rely
on legacy software systems that were never intended to accommodate the integration of
modern Al-driven solutions. Achieving seamless integration typically demands:

e Development of custom interfaces and Application Programming Interfaces (APIs) to
enable communication between old and new software.

e Data migration to new formats, frequently involving extensive restructuring of existing
databases and data cleansing.

e Ensuring continuous and error-free system operation during the transition period, with
mechanisms in place for failback to legacy systems if necessary.

e Simultaneous operation of legacy and Al systems, necessitating complex
synchronization protocols and extensive testing to minimize downtime and operational
risks.

3.1.2 Data Quality and Standardization

Al models depend fundamentally on data quality, consistency, and accessibility. However, the
construction sector frequently struggles with several data-related challenges:

e Absence of standardized data formats, which complicates interoperability across
software platforms and limits the effectiveness of Al-driven analysis.
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e Inconsistent data quality arising from multiple stakeholders employing diverse methods
of data collection, storage, and reporting.

e Insufficient or incomplete historical datasets, limiting the accuracy and predictive
capabilities of Al-driven analytical models.

o Difficulty capturing accurate real-time data on construction sites due to environmental
factors, workforce variability, or limited sensor technologies.
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3.1.3 Technical Infrastructure

Implementing Al requires robust technical infrastructure, often representing significant
investment for construction companies. Key infrastructure challenges include:
e Need for powerful computational hardware and scalable server solutions to handle
intensive Al processing tasks.
e Reliable internet connectivity on construction sites, many of which may be remote or
subject to unstable connectivity.
e Data security risks, particularly when sensitive data must be shared across diverse
stakeholders or via cloud solutions.
¢ Management of large data volumes (big data), requiring specialized storage and real-
time analytical capabilities, often through cloud computing solutions or edge computing
infrastructure.

3.2 ORGANIZATIONAL CHALLENGES

Beyond technical hurdles, organizational barriers represent considerable resistance to
adopting Al. The construction industry is traditionally conservative, characterized by
hierarchical structures and established practices resistant to change.

3.2.1 Lack of Digital Competencies

The construction sector frequently lacks sufficient digital competencies required for the
effective implementation and management of Al solutions. This issue is particularly acute due
to:
e Limited understanding among stakeholders of Al's true potential, scope, and limitations.
e A shortage of qualified Al specialists within the construction industry, making it difficult
to implement and sustainably manage advanced solutions.
e The necessity for continuous employee training and reskilling, presenting substantial
logistical and financial challenges.
e Cultural resistance within companies, where established processes are perceived as
reliable, and technological change as disruptive or unnecessary.
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3.2.2 Change Management

Adopting Al solutions inherently demands substantial organizational transformations, which
include:
e Significant reshaping of traditional workflows to integrate new technological capabilities
effectively.

e Redefinition and clarification of roles and responsibilities within project teams,
potentially shifting job descriptions and performance expectations.

e Cultivating an organizational culture that is open to digitalization, innovation, and
continual improvement.

e Communicating transparently and effectively about the tangible benefits and long-term
strategic importance of Al adoption, thus securing internal buy-in from all stakeholders.

3.2.3 Financial Constraints and ROI

Financial limitations pose a major challenge to widespread Al adoption, especially for SMEs
(small and medium-sized enterprises):
e High initial investment costs related to hardware, software, infrastructure upgrades,
training, and implementation.
e Short-term uncertainty concerning return on investment (ROI), especially given the
novelty and perceived unpredictability of Al solutions.
o Difficulties in quantifying long-term financial and strategic benefits, which can
complicate justification for investment decisions.
e Limited access to specialized funding sources or financial instruments that specifically
target digital transformation initiatives.

3.3 LEGAL AND ETHICAL CHALLENGES

The introduction of Al solutions inevitably introduces legal and ethical complexities, which must
be addressed proactively to ensure compliance, social acceptability, and operational risk
mitigation.

3.3.1 Data Protection and Privacy

Al technologies collect, process, and analyse vast quantities of data, raising significant concerns
regarding privacy and regulatory compliance. Key aspects include:
e Compliance with GDPR and other data protection regulations, requiring companies to
implement stringent controls around personal data processing, such as encryption,
anonymization, and clear user consent procedures.
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e Management of employee-related data gathered via Al-enabled monitoring or
surveillance systems, necessitating clear governance structures, transparency, and
ethical standards.

e Ownership and access rights to data generated in collaborative or multi-stakeholder
environments, with clear contractual agreements outlining data use, storage duration,
and permissible purposes.

e Leveraging privacy-enhancing technologies, including federated learning, decentralized
processing methods (e.g., swarm learning), and data anonymization tools to minimize
privacy risks while maximizing Al efficiency.

Data protection and privacy are critical issues when implementing Al solutions, as these solutions
often process extensive information, including personal and sensitive data. To ensure compliance
with GDPR and other data protection regulations, clear processes for data handling and storage
must be established. These include anonymization or pseudonymization of personal data, using
security mechanisms such as encryption and access restrictions, and conducting privacy impact
assessments (e.g., ISO/IEC 27001: 2022" compliance) when data processing poses significant risks
to individuals. It is also essential for Al systems to ensure transparency in data processing,
meaning users clearly understand how and why their data are used.

Regarding the management of workers' personal data and data ownership issues during
collaborations between multiple companies, clear definitions of rules concerning responsibility
and access are crucial. Companies must establish data-sharing agreements that specify data
usage rights, storage durations, and processing purposes. Data usage rights must comply with
legislation and respect the principle of minimal data processing, meaning that only data strictly
necessary for the operation of Al systems should be collected and processed. Additionally,
employing federated learning and other decentralized data-analysis methods (such as swarm
learning) can mitigate risks associated with the centralized collection of sensitive information.

Determining legal accountability when Al systems make decisions is complex and increasingly
critical as Al adoption accelerates:

e C(larification of responsibility in cases of Al-generated errors or harm, clearly
distinguishing between developers, integrators, users, and operators.

e Creation of robust legal frameworks and standards for automated decision-making
processes, ensuring transparency, auditability, and provision of human oversight.

e Development of specialized insurance products addressing the unique risks associated
with Al, such as operational liability, cyber risk, and errors in autonomous decision-
making processes.

ISO/IEC 27001: 2022: Information security, cybersecurity and privacy protection — Information security management systems
— Requirements
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e Certification and standardized compliance protocols for Al solutions, ensuring
regulatory compliance, enhancing trust, and mitigating legal risks.

Accountability in the use of artificial intelligence is a key issue, as Al systems often operate
autonomously and influence critical decisions. In case of errors or damage caused by Al, it's
essential to clearly define accountability—whether it lies with the developer, the Al solution
owner, or the end-user. Legal frameworks for automated decision-making require transparency
in algorithms, the ability to audit decisions, and mechanisms for legal recourse by affected
individuals. Within the context of Al, the "human-in-the-loop" principle is often applied,
ensuring human oversight over critical decisions, reducing legal disputes and ethical dilemmas,
and influencing both the development and responsible use of Al solutions.

Alongside accountability, it is vital to address insurance for Al-related risks. Al systems may
cause material damage, business losses, or even security incidents, prompting companies to
develop specialized Al insurance policies. In construction, where Al solutions optimize
processes, certification and standardization are particularly critical as they ensure compliance
with technical and legal requirements. Introducing certified Al solutions helps reduce legal risks
and enhances user trust in the safety and reliability of these technologies.

Al algorithms often operate as "black boxes," limiting stakeholders' ability to understand and
control decision-making processes:

e Ensuring compliance with the European Union's Al Act and similar regulations that
mandate transparency and traceability of algorithmic decisions.

¢ Implementing explainable Al (XAl) techniques, visual analytics, and decision-tracking
mechanisms to clarify how decisions are made, facilitating regulatory compliance, user
acceptance, and ethical accountability.

e Addressing algorithmic biases proactively through diverse training data, regular model
audits, and independent ethical oversight committees, minimizing discriminatory or
unfair outcomes.

e Establishing transparent communication and robust documentation practices around Al
model development, use, and decision-making outcomes, reinforcing stakeholder trust
and societal acceptance.

Al models pose a challenge in ensuring compliance with the European Union Artificial
Intelligence Act (EU Al Act), which requires Al solutions to allow traceability and explanation of
decisions. Understanding and clearly explaining the decisions made by Al systems are crucial
for users and regulators, especially in sectors where Al impacts safety, individual rights, or
financial outcomes. Implementing methods such as explainable artificial intelligence (XAl) and
decision visualization can help increase model transparency and improve interpretation of
results.
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In addition to legal requirements, transparency plays an essential role in ensuring the
impartiality of algorithms and building user trust in technology. Al systems can inadvertently
adopt biases from training data, potentially resulting in discriminatory or unfair decisions.
Therefore, mechanisms for verifying and mitigating biases—such as regular model audits,
ethical reviews, and the use of diverse training data—are necessary. Transparency is not only a
legal obligation but also a critical factor in society's acceptance of Al technology, enabling users
greater control over its operations and increasing its reliability and acceptability.

Understanding and systematically addressing these technical, organizational, and legal/ethical
challenges is fundamental for successfully scaling Al implementation in the construction sector.
By taking a proactive, collaborative approach, stakeholders in Slovenia and Friuli Venezia Giulia
can leverage Al's full potential to transform construction practices, enhance competitiveness,
and foster sustainable development.
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4 COMPARATIVE ANALYSIS OF GLOBAL
TRENDS AND POSITIONING OF
SLOVENIA AND FRIULI VENEZIA GIULIA

The implementation of Al solutions in the construction sector has become a critical competitive
factor at global and regional levels. This chapter provides a comprehensive comparison of
global trends in Al implementation, followed by a detailed positioning analysis of Slovenia and
the Friuli Venezia Giulia region. It outlines the key economic indicators, potential areas of
implementation, specific projects, leading companies, opportunities for cross-border
cooperation, and a roadmap for integration, complemented by measurable indicators of
success.

4.1 GLOBAL TRENDS IN Al IMPLEMENTATION IN
CONSTRUCTION - ECONOMIC PERSPECTIVE

4.1.1 United States of America

The United States leads in Al implementation within construction due to its robust ecosystem
of technology start-ups, significant investments in innovation, effective academia-industry
collaboration, and an entrepreneurial approach characterized by risk-taking. Key
macroeconomic indicators support its leading position:

e GDP and Economic Growth: GDP approximately 27 trillion USD (2023); the construction
sector contributes roughly 4.1%.

e Investment in Innovation: About 3.5% of GDP is allocated to R&D, with a significant
portion dedicated to Al technologies.

e Economic Structure: Services sector (~77% GDP), industry (~20%), creating a supportive
environment for innovation.

e Investment in Al: Annual investments exceeding 90 billion USD, construction being
among the fastest-growing Al application areas.

Best Practice Examples:

e Boston Dynamics: Robotics deployment on construction sites utilizing advanced Al
algorithms.

e Procore: Al-driven construction project management platform.
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China has seen rapid growth in Al adoption within construction, driven by substantial
governmental support, vast-scale projects facilitating quick technology uptake, flexible
regulatory conditions, and effective integration into production. Essential economic metrics
include:

e GDP and Economic Growth: GDP approximately 17.7 trillion USD (2023), growth around
5%, construction sector contributes 7.2%.

¢ Investment in Innovation: R&D investments approximately 2.4% GDP, strongly focused
on strategic technologies, including Al.

e Economic Structure: Industry (39% GDP), services (54%), reflecting strong manufacturing
with a growing services sector.

e Investmentin Al: Government commitment of over 150 billion USD in Al by 2030, with a
focus on traditional industries.

Best Practice Examples:
e Winsun: 3D printing combined with Al for mass housing production.
e Country Garden Robotics: Deployment of Al-driven automated construction robots.
e BIM + Al Integration: Extensive use of Al-enhanced BIM models.

The EU follows a regulated and sustainability-focused Al strategy, prioritizing green building,
circular economy, regulatory frameworks for ethical Al use, and international collaboration.
Economic context includes:

e GDP and Economic Growth: GDP approximately 16.6 trillion EUR (2023), average growth
of 1.2-2%; construction sector approximately 5%.

¢ Investmentin Innovation: Currently 2.3% GDP spent on R&D, targeting 3%.
e Economic Structure: Services (70%), industry (25%), diversified economic base.

e Investmentin Al: Digital Europe program (7.5 billion EUR), Horizon Europe for additional
research funding.

Best Practice Examples:
e Scandinavian Model: Leading in BIM and Al for energy efficiency optimization.
e Dutch Approach: Advanced Al-enabled water management and smart infrastructure.

e German Industrial Standards: Industry 4.0 principles integrated with a strong focus on
standardization and security.
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4.2 CURRENT STATUS IN SLOVENIA

Slovenia is in the initial phase of adopting Al in construction, with limited widespread
application but increasing interest in digitalization. Its strengths include skilled IT professionals,
high-quality research, and a robust industrial base conducive to rapid pilot project
implementation. Main challenges are sector fragmentation, limited funding, a shortage of
specific digital skills, and traditional industry mindset.

4.2.1 Economic Indicators and Al Implementation
Potential

It is clear that Slovenia has a huge potential for growth in utilisation of Al tools in the
construction sector.

e GDP: Approximately 64 billion EUR (2023), growth around 3.1%; construction sector
contribution ~6%.

e Innovation Investment: Around 2.1% GDP, above EU average.
e Economic Structure: Services (65%), industry (32%), providing a solid industrial base.

e Al Investment: National Al program (2022-2027) includes around 110 million EUR for Al
initiatives.

4.2.2 Concrete Initiatives and Projects

The following initiatives and projects have been identified:

e SRIP Smart Buildings and Wood Chain: Industry-research collaboration for smart
construction.

¢ Digital Slovenia 2030: Measures to digitalize construction.
e Slovenian Al Centre (SLAIS): Promotes Al research and industry collaboration.

4.2.3 Leading Companies in Al for Construction
The following companies have been recognised as leaders in utilisation of Al tools in the
construction sector:

e Pilon AEC: Advanced BIM solutions using Al.

e Kolektor Construction Digital: Digital platforms with Al analytics.

e ProTim: Al tools for design and project management.

e Plan-net: Integrated Al-driven IT solutions.

e BEXEL Consulting: BIM and Al implementation specialist.
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4.3 CURRENT STATUS IN FRIULI VENEZIA GIULIA

Friuli Venezia Giulia exhibits relatively advanced implementation of Al solutions in the
construction sector compared to the Slovenian average. This advancement is partly due to
stronger linkages with Italian research centres, universities, and industrial clusters.
Furthermore, there is initial evidence of successful cross-border cooperation in digital
transformation initiatives and substantial regional commitment towards Italy’'s broader
Industry 4.0 strategy.

4.3.1 Economic Indicators and Al Implementation
Potential

However, Friuli Venezia Giulia has also a huge potential for growth in utilisation of Al tools in
the construction sector.

e Regional GDP: Approximately 40 billion EUR (2023), growth ~1.9%; construction sector
contribution ~5.5%.

e Innovation Investment: Around 1.8% GDP.
e Economic Structure: Services (72%), industry (25%), agriculture (3%).

e Al Investment: Regional digital transformation program (75 million EUR) supporting Al
projects.

4.3.2 Concrete Initiatives and Projects

Key ongoing initiatives in Friuli Venezia Giulia include:
e Digital Innovation Hub: Supports digital and Al transformation in enterprises.
e S3 Smart Specialization: Prioritizes digitalization in construction.
e ARIES Digital Lab: Regional hub supporting Al implementation.

4.3.3 Leading Companies in Al for Construction
The following companies have been recognised as leaders in utilisation of Al tools in the
construction sector:

e Teorema Engineering: Digital twins and BIM-Al models.

e BIM One Italia: Al-enhanced BIM optimization.

e Homnya: Al for energy efficiency and smart buildings.

e Modelway: Predictive analytics for construction.

e Gruppo Danieli Automation: Al solutions applicable to construction.
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Slovenia and Friuli Venezia Giulia have distinctive strengths and strategic potentials that can be
effectively harnessed to advance Al-based innovation in construction:

Strategic Geographic Location: Slovenia and Friuli Venezia Giulia are positioned at the
intersection of Northern Italy and Central-Eastern Europe, Friuli Venezia Giulia and
Slovenia can serve as an essential logistical and technological hub, connecting advanced
European markets with growing economies in South-eastern Europe. This position
provides excellent conditions for developing cross-border collaborations, joint ventures,
and trade in innovative digital construction services.

Strong Construction Sector with Innovative Tradition: Both regions boast a robust
construction industry characterized by historically proven capabilities in engineering,
design, and materials innovation. Leveraging this tradition to integrate Al-driven
technologies presents substantial opportunities for modernizing the sector and
enhancing its international competitiveness.

Supportive Environment for Technology Start-ups: Friuli Venezia Giulia actively
fosters an entrepreneurial ecosystem supportive of innovative technology start-ups,
including incubators, innovation hubs, and venture funding mechanisms. These
resources are critical for rapidly scaling Al-based solutions within the construction
sector.

Access to European Funding for Cross-border Projects: Both Slovenia and Friuli
Venezia Giulia can benefit significantly from EU structural and cohesion funds,
particularly dedicated to cross-border cooperation. This financial framework enhances
the region's ability to attract substantial investment and provides essential financial
backing to ambitious Al and digitalization projects.

Despite these strategic advantages, Slovenia and Friuli Venezia Giulia face certain challenges
which may slow down the widespread implementation of Al solutions:

Demographic Challenges and Aging Workforce: Like many European states and
regions, both Slovenia and Friuli Venezia Giulia experience demographic constraints
such as an aging workforce and declining population growth. This demographic reality
poses risks to long-term innovation capacity, skill renewal, and effective adoption of
advanced technologies like Al.

Traditional Orientation of the Construction Sector: Many local companies in the
construction sector remain highly traditional, exhibiting resistance to technological and
digital change. Overcoming industry conservatism and building sufficient internal
motivation for embracing Al technologies may require intensive awareness campaigns,
targeted training, and strong policy incentives.
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¢ Administrative Barriers in Implementing New Technologies: Regulatory complexity,
slow bureaucratic processes, and difficulties in securing necessary permissions and
compliance certifications represent significant barriers. These administrative hurdles
might delay the deployment of innovative Al solutions, thereby slowing down the overall
transformation process.

¢ Insufficient Collaboration Between Research Institutions and Industry: A
noticeable gap exists between academic institutions and the private construction sector,
limiting effective knowledge transfer and commercial adoption of research outcomes.
Enhancing these links through structured partnerships and shared initiatives is crucial
for fostering innovation-driven growth in Al adoption.

However, the proximity and complementary strengths of Slovenia and the Friuli Venezia Giulia
region present a unique strategic opportunity to jointly accelerate Al-driven transformation in
the construction sector. The existing geographical closeness and strong historical, cultural, and
economic links already established between these regions provide fertile ground for deeper
collaboration. Leveraging these advantages could lead to faster innovation cycles, improved
competitiveness, and enhanced economic integration within the broader European context.

Cross-border cooperation offers substantial potential for joint technology development,
market expansion, knowledge exchange, and collaborative funding acquisition, notably
through European programs. Both regions face common structural challenges, including
industry fragmentation, resistance to digital transformation, and limitations in digital skills and
infrastructure. Addressing these challenges together would ensure more efficient resource
utilization and broader dissemination of successful practices, enabling both regions to benefit
from economies of scale and increased attractiveness for investment and talent.

A comparative analysis of Slovenia and Friuli Venezia Giulia highlights several synergies that
could significantly strengthen cooperation in implementing Al-based solutions:

e Complementary Technological Strengths: Slovenia demonstrates strong
competencies in IT, programming, software development, and advanced computational
research. The region's universities and research institutions, such as the Jozef Stefan
Institute and the University of Ljubljana, offer specialized expertise in data analytics, Al
development, and digital innovation. In contrast, Friuli Venezia Giulia possesses robust
industrial expertise and a longstanding tradition of excellence in engineering and
manufacturing, alongside established connections with advanced industrial clusters
across Italy.
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Joint Response to Shared Challenges: Both regions encounter similar challenges, such
as demographic aging, labour shortages, traditional industry orientation, and SMEs'
limited capacity for large-scale technological investments. Collaborative solutions and
knowledge sharing would enhance capacity building, foster innovation adoption, and
reduce duplication of efforts.

Geographic Proximity and Cultural Affinity: The close physical proximity simplifies
cooperation logistics and significantly reduces transaction costs associated with
collaborative research and development activities. Additionally, the existing cross-
border relationships at institutional and business levels facilitate easier collaboration,
fostering quicker trust-building and joint project implementation.

Market Expansion and Economic Growth: By combining strengths, the two regions
could create a larger, more attractive market for Al providers, investors, and
international collaborations, thus enabling regional firms to scale faster and improve
competitiveness. Cooperation can leverage existing European financial instruments to
jointly finance innovative projects and facilitate easier market access at the European
and global levels.

Several existing projects and initiatives already demonstrate the benefits and feasibility of
effective cross-border collaboration between Slovenia and Friuli Venezia Giulia, laying a strong
foundation for future Al-focused cooperation:

Project CROSSINNO: This EU-funded initiative specifically supports innovation across
traditional industries within the cross-border region. It encourages SMEs to adopt
advanced technological solutions, including Al, by providing targeted funding, training,
and networking opportunities. CROSSINNO exemplifies successful regional
collaboration, showing positive impacts on SME productivity and digitalization.
InnoRenew CoE: Located in Slovenia, the InnoRenew Centre of Excellence is an
internationally recognized hub focusing on sustainable and digital solutions in
construction, particularly in timber construction and sustainable materials. This centre
already collaborates closely with academic institutions and enterprises from Friuli
Venezia Giulia, enabling the transfer of knowledge, joint research projects, and shared
use of infrastructure, thus accelerating regional innovation.

Il progetto CIRCULAR.BUILDINGS e co-finanziato dall'Unione europea nell'ambito del Programma Interreg VI-A Italia-Slovenia.

Projekt CIRCULAR.BUILDINGS sofinancira Evropska unija v okviru Programa Interreg VI-A Italija-Slovenija.

Circular.buildings o Circular.buildings

27



iiterrey
Italia-Slovenija

Cofinanziato
dairUnions europen Spazio per il logo e /o denominazione del LP o
Sofinancira . - ..
Evropska unija PP organizzatore / ProsTtor za logotip in/ali ime

VP ali PP - organizatorja

AlpinnovaWood Project: Funded by the INTERREG program, this initiative emphasizes
digital transformation and sustainable innovation in the wood-based construction
sector. Al applications, including predictive analytics and advanced material
optimization, play a significant role in this cross-border cooperation project.
AlpinnovaWood has successfully linked SMEs, research institutions, and regional
governments from Slovenia and lItaly to jointly develop digitalized solutions tailored to
regional needs.

EGTC GO (European Grouping of Territorial Cooperation): This institutional
collaboration between Gorizia, Nova Gorica, and Sempeter-Vrtojba illustrates another
successful cross-border mechanism that supports integrated territorial development.
EGTC GO focuses on urban regeneration and infrastructure projects, increasingly
integrating digital and smart-city solutions. Extending this model to the construction
sector's Al-driven transformation would leverage already established cooperation
frameworks.

These existing examples clearly demonstrate both the feasibility and substantial added value
of enhanced cross-border cooperation, providing proven models that can inspire and guide
future joint initiatives in Al implementation.

A structured comparative analysis of Al implementation readiness reveals significant variations
between leading global markets (United States, China, and EU) and regional markets (Slovenia
and Friuli Venezia Giulia). The comparison is based on several critical indicators reflecting
investment in innovation, availability of skilled human resources, sector-specific digitalization
maturity, regulatory environment, and overall preparedness of businesses for Al-driven
transformation.

Key insights include:

Investments in R&D: The United States leads globally with approximately 3.45% of GDP
invested in R&D, followed closely by China and the EU. Slovenia’s investment (2.15%
GDP) is notable, slightly above the EU average, while Friuli Venezia Giulia's regional R&D
spending (around 1.64%) remains somewhat below the Italian and EU averages,
indicating room for growth.

Al Talent Availability: The U.S. and China maintain higher concentrations of Al specialists,
substantially outpacing the EU and particularly the regional levels in Slovenia and Friuli
Venezia Giulia. This disparity highlights a strategic need for both regions to increase their
educational and training programs, specifically targeting Al competencies in the
construction sector.
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Digitalization in Construction: The index for digitalization in construction illustrates
substantial gaps, with the U.S. and China significantly ahead. While the EU performs
moderately, both Slovenia and Friuli Venezia Giulia lag behind, signalling an urgent
necessity for targeted digitalization initiatives and pilot Al projects to bridge this digital
maturity gap.

Regulatory and Institutional Frameworks: The EU’s robust regulatory frameworks for Al,
emphasizing ethical standards, data privacy, and accountability, contrast with the more
flexible yet fragmented regulatory environments in the U.S. and China. Slovenia and
Friuli Venezia Giulia fall into a medium regulatory complexity category, implying a
balanced environment conducive to experimentation, yet requiring clear strategies for
compliance and governance.

Business Readiness for Al: Both the U.S. and China exhibit a higher readiness among
companies to adopt Al technologies, driven by aggressive market competition and
proactive governmental support. In contrast, Slovenia’s companies indicate low-to-
medium readiness, while Friuli Venezia Giulia shows medium readiness. Targeted
interventions, financial incentives, and structured guidance are needed to raise local
businesses' preparedness.

Main findings are also summarized in Table 6.

Table 6: Comparative Analysis of Al Implementation Readiness

Indicator USA China EU Slovenia | Friuli Venezia
Giulia
R&D Investment (% GDP) 3.45% 2.4% 2.2% 2.15% 1.64%
Al Experts per 10,000 Employees 18 12 9 7 6
Digitalization Index (1-100) 76 68 62 48 53
Regulatory Al Framework Medium Low High Medium Medium
Al Transformation Readiness High High Medium Low - Medium
(Companies) medium

Overall, this comparative analysis underscores substantial opportunities for Slovenia and Friuli
Venezia Giulia to leverage their potential strategically by addressing identified gaps through
collaborative cross-border initiatives.
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5 CONCLUSIONS AND
RECOMMENDATIONS

The conducted analysis highlights the significant potential, opportunities, and challenges
associated with the implementation of Al solutions in the construction sector. By thoroughly
examining global trends, local conditions, technological maturity, and practical constraints, we
have identified crucial findings, actionable recommendations, and an ambitious long-term
vision that aims to position Slovenia and Friuli Venezia Giulia as leading regions in Al-driven
construction.

5.1 KEY FINDINGS

Based on the comprehensive analysis conducted in this report, we can highlight the following
key findings:
1. Technological Maturity

Al solutions in the construction sector are technologically highly advanced, with
demonstrated benefits in efficiency, cost reduction, productivity enhancement, and
improved safety. Despite these proven advantages, practical adoption of these solutions
remains relatively limited, particularly in smaller markets and among SMEs. Reasons
include limited integration capabilities with legacy systems, inconsistent data quality,
and challenges in maintaining robust technical infrastructure.

2. Regional Differentiation

Significant regional disparities exist regarding the adoption and implementation of Al
technologies in construction. The United States and China lead globally, driven by robust
funding ecosystems, supportive policies, and an entrepreneurial culture. The EU follows
with a more regulated, sustainable, and systematic approach. Meanwhile, Slovenia and
Friuli Venezia Giulia remain at an initial implementation stage, highlighting substantial
growth opportunities but also significant gaps in current adoption rates.

3. Key Barriers

The main barriers to Al implementation identified are predominantly not technological
but rather organizational, human-resource related, and financial. Critical issues include
a lack of digital competencies among construction professionals, resistance to
organizational change, unclear return on investment (ROI), and significant initial financial
outlays. Additionally, ethical and legal concerns around data privacy, accountability,
transparency, and regulatory compliance pose further complexity, requiring targeted
attention from policymakers and industry leaders.
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4. Regional Potential

Both Slovenia and Friuli Venezia Giulia possess substantial inherent potential for more
rapid Al adoption. Key strengths include a strong IT knowledge base, innovative research
institutions, existing regional collaboration structures, and strategic geographic
positioning. However, maximizing this potential requires a more systematic,
coordinated, and collaborative approach, addressing the region’s fragmentation and
accelerating digital transformation efforts.

To expedite Al implementation in the construction sector within Slovenia and Friuli Venezia
Giulia, the following targeted recommendations are proposed:

1. Development of Specialized Competencies (addressed by Circular.Buildings project)

Establishing specialized training programs focused explicitly on digital competencies in
construction.

Encouraging interdisciplinary cooperation between construction professionals and IT
specialists through targeted collaboration initiatives.

Organizing practical workshops and demonstration projects that introduce construction
professionals directly to specific Al tools and technologies.

2. Incentivization Measures

Creating financial incentive schemes for digital transformation, particularly focused on
SMEs in the construction sector, to alleviate initial investment burdens.

Developing regional demonstration centres showcasing practical Al applications and
best practices in construction, promoting visibility and awareness.

Leveraging public procurement processes to encourage and incentivize the adoption of
advanced digital and Al-based solutions by integrating clear Al-related criteria in tender
processes.

3. Structured Cross-border Cooperation (partly addressed by Circular.Buildings project)

Establishing a permanent cross-border knowledge-sharing platform facilitating
continuous exchange of experiences, best practices, and lessons learned between
Slovenia and Friuli Venezia Giulia.

Encouraging joint research projects and innovation activities involving universities,
research institutions, and industry stakeholders from both regions.

Pooling resources to develop and implement joint pilot projects, showcasing practical Al
applications that deliver measurable impacts, thus reinforcing cross-border
collaboration and synergy.
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4. Standardization and Regulatory Coordination

e Developing common technical standards and interoperability frameworks for Al
implementation within the construction sector, aligned with international and European
norms.

e Proactively participating in shaping the evolving European regulatory framework
concerning Al technologies, ensuring regional priorities are effectively represented and
supported.

e Simplifying administrative procedures to reduce bureaucratic barriers, facilitating faster
approval and implementation of Al technologies and solutions.

The long-term strategic vision for implementing Al in the construction sector in the Slovenia
and Friuli Venezia Giulia regions encompasses ambitious goals aimed at achieving
transformative change through digitalization and innovation:

e Establishment of a Cross-border Centre of Excellence for Digital Construction: Creating
a recognized international hub that fosters research, innovation, education, and
industry collaboration, dedicated explicitly to Al and advanced digital solutions in the
construction sector.

e Development of a Specialized Start-up Ecosystem for Construction Technologies:
Fostering entrepreneurship and innovation through incubation programs, venture
capital investments, and structured mentorship, resulting in a vibrant ecosystem that
attracts both local and international talent.

e Positioning as a Reference Region for Al Implementation in Construction across Central
and South-eastern Europe: Achieving international recognition as a leading region that
successfully integrates Al into construction practices, becoming a benchmark for other
regions and attracting further investments and partnerships.

¢ Comprehensive Digital Transformation of the Construction Sector: Executing a sector-
wide transformation aimed at significantly improving productivity, competitiveness,
sustainability, and safety. This transformation should leverage Al, digital twins, smart
sensors, predictive analytics, and advanced data management practices to redefine how
construction projects are planned, executed, monitored, and maintained.

By systematically addressing the identified technological, organizational, financial, and
regulatory challenges and harnessing opportunities provided through strategic cross-border
collaboration, Slovenia and Friuli Venezia Giulia can effectively unlock their potential. This
structured and collaborative approach is essential for transforming the region into a pioneering
example of successful Al implementation, ensuring sustainable economic growth, increased
competitiveness, and enhanced quality and sustainability in the construction industry.
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APPENDIX 1: LIST OF IDENTIFIED AND
POTENTIALLY APPLICABLE Al TOOLS

The tools are categorized into several key areas based on their primary function. Each tool is
described in detail, including its link, description, customer references, advantages,
disadvantages, applied Al methods, and expert comments.

Project Management and Collaboration
1. Procore
e AI_APP_001
e Link: Procore
e Description: A comprehensive project management platform that provides tools for
planning, monitoring, and collaboration, including BIM integration.
e Customer References: Skanska, Whiting-Turner
e Advantages: User-friendly interface, broad functionality for various project phases.
e Disadvantages: High cost for SMEs, requires training.
¢ Al Methods: Predictive analytics, process automation.
¢ Website review comment: Extensive functionality, suitable for large projects; might
be too complex and costly for SMEs.

2. ClickUp

e Link: ClickUp

e Description: A project management tool that offers flexible work organization and
progress tracking.

e Customer References: Google, Airbnb

e Advantages: High adaptability and integrations with other tools.

o Disadvantages: Complexity in setup and use.

e Al Methods: Task automation, data analytics.

e Website review comment: More suitable for IT sector, not construction; useful for
simple projects and communication.

3. Fieldwire
e AI_APP_002
e Link: Fieldwire
e Description: A task management and communication application for construction
sites, enabling efficient team collaboration.
e Customer References: Turner Construction, Swinerton Builders
¢ Advantages: Efficient communication and task monitoring.
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Disadvantages: Limitations for large-scale projects.

Al Methods: Task analytics, automation.

Website review comment: Comprehensive tool for construction, also suitable for
smaller contractors working on large projects.

4. PlanSwift

AI_APP_014

Link: PlanSwift

Description: A tool for digital measurement and cost estimation in construction
projects.

Customer References: Various builders and architects.

Advantages: Quick measurement and estimation without paper documentation.
Disadvantages: Learning curve for new users.

Al Methods: Process automation, analytics.

Website review comment: Useful for estimates and material listings, based on
project documentation.

5. OpenRAN

Link: OpenRAN
Description: Al-driven network optimization technology aimed at improving

communication infrastructure, including on construction sites.

Customer References: Infrastructure and telecommunication projects.

Advantages: Enhances connectivity and real-time communication on construction
sites.

Disadvantages: Requires high-performance infrastructure to function optimally.

Al Methods: Network optimization, machine learning.

Website review comment: Useful for large-scale projects requiring improved network
coverage but less critical for small and medium-sized projects.

6. Raken

Al_APP_017

Link: Raken

Description: A construction field management platform focused on daily reporting,
time tracking, and compliance.

Customer References: Contractors, field managers, safety inspectors.
Advantages: Simplifies site reporting and workforce tracking.

Disadvantages: Lacks advanced Al-driven automation features.
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e Al Methods: Data analytics for compliance tracking.
¢ Website review comment: Efficient for field reporting but less robust for Al-driven
decision-making.

7. Aconex

e Link: Aconex

e Description: A document management and collaboration platform for large
construction and engineering projects.

e Customer References: Large-scale infrastructure projects.

e Advantages: Secure document control and communication management.

o Disadvantages: Steep learning curve and complex user interface.

¢ Al Methods: Workflow automation, data analytics.

e Website review comment: A powerful tool for large-scale projects, but may be too
complex for smaller firms.

8. CoConstruct

e AI_APP_018

e Link: CoConstruct

e Description: A construction project management and client communication tool
aimed at small-to-mid-sized firms.

e Customer References: Residential and commercial contractors.

¢ Advantages: Helps with scheduling, budgeting, and bid management.

o Disadvantages: Limited Al-driven automation and predictive analytics.

¢ Al Methods: Workflow automation, data organization.

e Website review comment: Well-suited for small firms but lacks advanced Al features
for large-scale projects.

Use of Drones for Construction Monitoring
9. DroneDeploy
e AI_APP_003
e Link: DroneDeploy
e Description: A drone management platform that enables data capture and analysis
for construction projects.
e Customer References: Skanska, Turner Construction
e Advantages: Fast data capture and construction progress visualization.
e Disadvantages: Requires training and compliance with drone flight regulations.
e Al Methods: Image analytics, 3D modeling.
e Website review comment: Very useful with a focus on workplace safety.
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10. Exyn Technologies

Link: Exyn Technologies

Description: Al-powered drones and autonomous robotic solutions for industrial
surveying and mapping, including construction.

Customer References: Construction, mining, and industrial sectors.
Advantages: High-precision 3D mapping in challenging environments.
Disadvantages: Expensive equipment requiring trained personnel.

Al Methods: Computer vision, real-time mapping.

Website review comment: Advanced scanning technology, useful for specific
applications but costly for general use.

11. Skycatch

Al_APP_010

Link: Skycatch

Description: Aerial drone data collection and processing platform for construction site
monitoring.

Customer References: Large infrastructure and earthworks projects.

Advantages: High-precision terrain mapping and real-time progress tracking.
Disadvantages: Requires drone operation training and regulatory compliance.

Al Methods: Computer vision, automated 3D modeling.

Website review comment: Ideal for large-scale construction sites requiring high-
accuracy geospatial data.

Al-driven Quality Control and Safety Monitoring
12. ViAct

Al_APP_004

Link: ViAct

Description: Al-powered computer vision platform for quality and safety monitoring
on construction sites.

Customer References: Various construction and infrastructure companies.
Advantages: Rapid detection of problems and hazards.

Disadvantages: Requires high-quality video equipment.

Al Methods: Computer vision, data analysis.

Website review comment: Excellent system for improving safety at work.

13. Al Clearing

Link: Al Clearing
Description: An automated progress tracking and quality assurance platform for large

construction sites.
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e Customer References: Various construction firms.

¢ Advantages: Reduces manual reporting needs and improves accuracy.

o Disadvantages: Requires precise data for effective operation.

e Al Methods: Computer vision, data analytics.

e Website review comment: Suitable for large construction site supervision; complex,
probably less suitable for SMEs.

14. AVEVA Insight
e Link: AVEVA Insight
e Description: A data management tool enabling analytics and visualization for
operational efficiency.
e Customer References: Shell, Siemens
e Advantages: Real-time data access and improved decision-making.
o Disadvantages: High complexity for smaller businesses.
¢ Al Methods: Predictive analytics, machine learning.
e Website review comment: Excellent for large systems, but too complex for SMEs.

15. Smartvid.io

e Link: Smartvid.io

e Description: Al-powered platform for job site safety monitoring and risk assessment
through video analysis.

e Customer References: Construction safety and risk management teams.

e Advantages: Automates safety compliance and hazard detection.

o Disadvantages: Requires integration with site cameras and sensors.

e Al Methods: Computer vision, risk prediction modeling.

o Website review comment: Strong safety monitoring tool but dependent on hardware
compatibility.

Pre-Construction and Procurement
16. Downtobid
e AI_APP_005
e Link: Downtobid
e Description: A procurement and pre-construction platform that simplifies bid analysis
and cost assessment.
e Customer References: Various construction firms.
e Advantages: Quick data retrieval, reduced errors in contractor selection.
o Disadvantages: Limited adaptability for specific project needs.
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Al Methods: Predictive analytics, process automation.
Website review comment: Useful for pre-construction and procurement, particularly
for smaller companies.

17. SmartBuild

Link: SmartBuild

Description: Al-driven construction optimization platform improving project
productivity.

Customer References: Various construction firms.

Advantages: Increases efficiency by predicting problems and optimizing tasks.
Disadvantages: Requires precise input data for optimal results.

Al Methods: Predictive analytics, machine learning.

Website review comment: Website domain is inactive, unrelated to construction
sector.

18. Ribbit.ai

Link: Ribbit.ai

Description: Al-based financial risk assessment platform, offering improved financial
solutions.

Customer References: Various financial service providers.

Advantages: Enhanced financial decision-making and risk assessment.
Disadvantages: Not focused on construction industry.

Al Methods: Predictive analytics, financial modeling.

Website review comment: Primarily for the financial sector, not relevant to
construction projects.

19. Prophix

Link: Prophix

Description: A financial process automation tool that aids construction cost tracking
and analysis.

Customer References: Construction firms, project management companies.
Advantages: Reduces accounting errors, optimizes financial flows.

Disadvantages: High cost for SMEs, not focused on project management.

Al Methods: Process automation, data analytics.

Website review comment: Primarily for financial automation, not core construction
management.
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20. Airswift

e Link: Airswift

e Description: A global workforce solutions provider specializing in staffing and
workforce management.

e Customer References: Various global corporations.

e Advantages: Strong expertise in workforce solutions and talent acquisition.

o Disadvantages: Not specifically tailored for the construction industry.

e Al Methods: Workforce analytics, automation.

e Website review comment: Primarily a recruitment and workforce management tool,
not construction-focused.

21. Katerra
e Link: Katerra
e Description: A technology-driven construction company integrating design, supply
chain, and prefabrication.
e Customer References: Large-scale development and construction projects.
e Advantages: Offers fully integrated construction solutions.
¢ Disadvantages: Company shut down; no longer operational.
e Al Methods: Supply chain optimization, process automation.
e Website review comment: Company no longer operational; unsuitable for evaluation.

22. Brighter Al

e Link: Brighter Al

o Description: Al-based platform for privacy protection and data anonymization.

e Customer References: Various industries including construction and security sectors.

e Advantages: Enhances privacy and data security on construction sites.

o Disadvantages: Limited as a standalone tool, best used in combination with other Al
systems.

e Al Methods: Image processing, privacy enhancement.

e Website review comment: Useful for privacy enhancement but lacks direct
construction project integration.

23. BuildingConnected
e AI_APP_0O16
e Link: BuildingConnected
e Description: A bid management platform that helps contractors and suppliers
streamline preconstruction workflows.
e Customer References: General contractors, subcontractors, project owners.
e Advantages: Enhances contractor selection and bid tracking.
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Disadvantages: More beneficial for procurement than project execution.

Al Methods: Predictive bidding analytics, supplier recommendations.

Website review comment: Useful for bid management but less relevant for overall
project management.

24. Buildertrend

Link: Buildertrend

Description: A cloud-based construction management software designed for home
builders, remodelers, and specialty contractors.

Customer References: Residential construction firms.

Advantages: Helps with scheduling, budgeting, and client communication.
Disadvantages: Lacks Al-driven automation for predictive analytics.

Al Methods: Project tracking, basic workflow automation.

Website review comment: Suitable for small to mid-sized construction firms but lacks
advanced Al features.

Circular Construction and Sustainable Planning
25. d.Hub Circular Buildings Toolkit

Al_APP_011

Link: https://ce-toolkit.dhub.arup.com/

Description: A toolkit designed to support circular economy principles in construction
and building lifecycle management.

Customer References: Sustainability-focused construction firms and city planners.
Advantages: Provides methodologies and tools for circular construction strategies.
Disadvantages: Limited application outside of sustainability-focused projects.

Al Methods: Predictive analytics for material reuse, sustainability modeling.

Website review comment: Excellent for sustainable construction but may be too
specialized for general projects.

26. One Click LCA

Al_APP_012

Link: One Click LCA

Description: A life cycle assessment (LCA) software designed to measure
environmental impacts in construction projects.

Customer References: Green building certification bodies, developers, and
contractors.

Advantages: Integrates with BIM tools to assess carbon footprint.
Disadvantages: Requires specific expertise in sustainability reporting.

Al Methods: Machine learning for impact assessment, sustainability analytics.
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Website review comment: A powerful tool for sustainability-focused projects, well-
suited for carbon impact analysis.

27. EcoReal

Link: EcoReal

Description: A sustainability-focused platform for energy-efficient building
management.

Customer References: Commercial real estate firms and large developers.
Advantages: Helps optimize building energy efficiency.

Disadvantages: Primarily targeted at energy management rather than construction
project management.

Al Methods: Energy consumption analytics, predictive maintenance.

Website review comment: Useful for building management but not suitable for
construction process optimization.

Predictive Analytics and Maintenance
28. SAP Predictive Maintenance

Link: SAP Predictive Maintenance

Description: A predictive maintenance solution that leverages Al to monitor
equipment performance and predict failures.

Customer References: Industrial and large-scale construction firms.

Advantages: Reduces maintenance costs and minimizes downtime.

Disadvantages: High implementation costs, complex integration.

Al Methods: Predictive analytics, machine learning.

Website review comment: Beneficial for large projects but may be too complex and
expensive for smaller firms.

29. Doxel

Link: Doxel

Description: Al-powered progress tracking and predictive analytics tool for
construction project monitoring.

Customer References: Large construction firms and infrastructure projects.
Advantages: Uses Al to automate progress tracking and quality assessments.
Disadvantages: Requires integration with BIM systems and structured data inputs.
Al Methods: Computer vision, predictive analytics.

Website review comment: Effective for automated progress tracking, but integration
with existing workflows may be challenging.
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30. Edge Al Construction

Link: Edge Al Construction

Description: Al-based platform for monitoring and optimizing construction progress.
Customer References: Various construction and infrastructure companies.
Advantages: Uses Al for real-time data analysis and efficiency improvements.
Disadvantages: Website link inactive; limited verifiable information.

Al Methods: Predictive analytics, automation.

Website review comment: Link inactive, insufficient data for evaluation.

31.VIM AEC

Link: VIM AEC

Description: A construction data management platform integrating BIM and analytics
tools.

Customer References: Large-scale construction and infrastructure projects.
Advantages: Provides robust data visualization and integration with Microsoft BlI.
Disadvantages: Requires prior BIM setup, complex for small companies.

Al Methods: Data analytics, BIM integration.

Website review comment: Highly technical tool, best suited for enterprises with
established BIM infrastructure.

Design Optimization and Generative Design

32. Autodesk Revit + Generative Design

Al_APP_013

Link: Autodesk Revit

Description: A building information modeling (BIM) tool that incorporates generative
design for architectural and structural planning.

Customer References: Architectural firms, structural engineers.

Advantages: Supports generative design for optimized layouts and efficient material

use.
Disadvantages: Requires training and significant computational power.

Al Methods: Generative design, machine learning.

Website review comment: Essential for complex building designs, but may be
excessive for smaller projects.

33. ARCHICAD

Al_APP_019
Link: ARCHICAD
Description: A BIM software tailored for architectural design and documentation.
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Customer References: Architectural and engineering firms.

Advantages: Strong parametric modeling capabilities.

Disadvantages: Limited direct Al-driven features for automation.

Al Methods: Parametric modeling, workflow optimization.

Website review comment: Useful for architects but lacks significant Al-driven
automation for construction site workflows.

34. Matterport

Al_APP_006

Link: Matterport

Description: 3D visualization and scanning platform for real estate and construction
site documentation.

Customer References: Construction firms, real estate agencies, and facility
management.

Advantages: High-quality 3D models for documentation and planning.
Disadvantages: Requires specific hardware for best results.

Al Methods: Computer vision, 3D modeling.

Website review comment: Highly effective for digital site documentation and
planning.

35. Autodesk Construction Cloud

AI_APP_007

Link: Autodesk Construction Cloud

Description: A suite of cloud-based construction management tools integrating BIM,
project tracking, and collaboration.

Customer References: Large and medium-sized construction projects.
Advantages: Comprehensive project management and collaboration capabilities.
Disadvantages: High cost, requires training.

Al Methods: Predictive analytics, data integration.

Website review comment: A powerful solution for complex projects requiring full
project lifecycle management.

36. BIM 360

AI_APP_008

Link: BIM 360

Description: A cloud-based construction management platform integrating project
documentation, quality control, and collaboration.

Customer References: Large construction firms and project management teams.
Advantages: Improves project collaboration and risk management.
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o Disadvantages: Requires training and setup for optimal usage.
¢ Al Methods: Predictive analytics, workflow automation.
e Website review comment: Strong collaboration tool for BIM-based construction

workflows.
37. PlanGrid
e Al APP_009

e Link: PlanGrid

e Description: A digital blueprint platform allowing teams to access and share real-time
project updates.

e Customer References: General contractors, architects, engineers.

¢ Advantages: Streamlines document management and collaboration.

o Disadvantages: Limited integration with non-Autodesk products.

¢ Al Methods: Document recognition, automated task tracking.

e Website review comment: Effective for digitalizing construction documentation and
site collaboration.

Digital Twins
38. Siemens MindSphere
¢ Link: Siemens MindSphere
e Description: A cloud-based IoT operating system enabling real-time monitoring and
digital twin simulations.
e Customer References: Large infrastructure and smart city projects.
e Advantages: Provides real-time insights for construction site optimization.
o Disadvantages: Requires integration with IoT sensors and data-heavy workflows.
¢ Al Methods: Digital twin simulations, predictive analytics.
e Website review comment: A powerful solution for large infrastructure projects but
may be too complex for smaller firms.

39. SAP Predictive Engineering Insights

e Link: SAP Predictive Engineering Insights

e Description: Al-based engineering insights platform that enhances structural
performance monitoring.

e Customer References: Large-scale industrial and infrastructure projects.

e Advantages: Helps in early detection of potential failures in construction projects.

o Disadvantages: Requires extensive data modeling and integration.

e Al Methods: Structural analysis, predictive maintenance.

e Website review comment: Valuable for infrastructure and large-scale projects but
complex to implement.
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40. Accenture Construction Services

Link: Accenture

Description: Consulting services for construction digital transformation, including Al
implementation.

Customer References: Large-scale corporate and governmental infrastructure
projects.

Advantages: Expertise in digital transformation for large enterprises.
Disadvantages: High service costs, not a standalone tool.

Al Methods: Predictive analytics, business process optimization.

Website review comment: Suitable for large enterprises, but high costs and
consulting-based service make it impractical for smaller projects.

Automation of Construction Processes and Smart Buildings
41. BuildinglQ (Partially Suitable)

Link: BuildinglQ

Description: Al-driven platform optimizing energy efficiency and smart building
management.

Customer References: Smart building developers and facility managers.
Advantages: Reduces energy costs and enhances building automation.
Disadvantages: More focused on building operations rather than construction
management.

Al Methods: Energy optimization, predictive modeling.

Website review comment: Useful for facility management but not essential for
construction site processes.

42.Johnson Controls Metasys

Link: Johnson Controls Metasys

Description: A building automation system that enhances energy efficiency and
security management.

Customer References: Commercial building operators.

Advantages: Centralized control for HVAC and security systems.

Disadvantages: More relevant for building operation than for construction.

Al Methods: Data analytics, energy efficiency modeling.

Website review comment: Suitable for building automation but not directly linked to
construction workflows.
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Visual Analysis and Image Processing

43. OpenSpace

AI_APP_015

Link: OpenSpace

Description: A progress tracking tool that uses 360-degree images to monitor
construction progress.

Customer References: Various construction companies.

Advantages: Effective construction progress tracking with user-friendly 360-degree
cameras.

Disadvantages: Requires additional image capture equipment, quality-dependent.
Al Methods: Computer vision, image analysis.

Website review comment: Complex system for progress monitoring, potentially too
advanced for smaller firms.

Smart Materials and Automated Construction

44. Construction Robotics

Link: Construction Robotics

Description: Al-enhanced robotic solutions for automating construction tasks such as
bricklaying and material handling.

Customer References: Large construction firms utilizing automation.

Advantages: Reduces labor costs and enhances construction efficiency.
Disadvantages: High investment costs and specialized training requirements.

Al Methods: Robotics, machine learning.

Website review comment: A promising innovation for automation but requires high
initial investment.

45. Sublime Systems

Link: Sublime Systems

Description: A low-carbon cement production company using Al for optimizing
sustainable materials.

Customer References: Construction material manufacturers.

Advantages: Reduces carbon emissions in cement production.

Disadvantages: Focused on material production rather than direct construction
management.

Al Methods: Sustainable material optimization, process automation.

Website review comment: Environmentally promising but not directly relevant to
construction project management.
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APPENDIX 2: DETAILED DESCRIPTION OF
SELECTED Al TOOLS (INNOVATION DATA
COLLECTION SHEET)
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INNOVATION DATA COLLECTION SHEET

UNIVOCAL CODE AI_APP_001

NAME Procore

OBJECT ‘ ICT: Project Management for Construction Teams

LIFE CYCLE STAGE Operation and use

Procore Technologies, Inc.
PRODUCER OR ORIGINATOR

https://www.procore.com/

Carpinteria, CA, USA
PRODUCTION

License - Commercial - Training
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Figure 2: Examples of application screens: PM Dashboard, BIM Viewer, Reporting Tools
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Characteristics

Description

Procore is a comprehensive project management platform designed for the construction
industry. It provides tools for planning, monitoring, and collaboration, covering all phases of a
project. Key features include document management, scheduling, financial tracking, safety
compliance, and BIM model integration. Procore aims to streamline workflows, enhance
efficiency, and improve team coordination across various stakeholders, including general
contractors, subcontractors, and project owners.

Procore's capabilities extend beyond basic project tracking to include in-depth data analysis
and decision support systems, which help teams optimize resource allocation, reduce errors,
and minimize costly project delays. The platform's real-time collaboration features ensure that
project stakeholders have access to up-to-date information, reducing inefficiencies caused by
miscommunication or outdated documentation.

Relevance for circular buildings

Procore supports circular construction management by enabling efficient tracking of resources,
materials, and project workflows. It enhances transparency and documentation, crucial for
optimizing material reuse and lifecycle management. Procore’s key contributions to circularity
include:

e Resource Optimization: By tracking materials and tasks in real time, Procore helps
reduce waste, improve efficiency, and maximize the use of available resources. This is
crucial for circular construction, where reducing material loss and reusing building
components are fundamental principles.

e Material Traceability: Documentation features allow for comprehensive tracking of
materials used in projects, facilitating future reuse and recycling. By maintaining a digital
record of materials' origins, usage, and disposal, Procore supports closed-loop material
cycles and helps stakeholders make informed decisions regarding sustainable sourcing
and deconstruction.

e Lifecycle Documentation: Continuous record-keeping ensures project sustainability
assessments and lifecycle monitoring. This supports adaptive reuse, extending the
functional lifespan of buildings and reducing reliance on new raw materials.

e Process Automation: Al-driven workflow automation supports predictive maintenance,
risk assessment, and the minimization of resource inefficiencies.

e Energy and Carbon Footprint Monitoring: Integration with sustainability metrics enables
project teams to monitor and reduce energy consumption, emissions, and overall
environmental impact.
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e Circular Procurement and Supply Chain Management: Procore allows for better tracking
of suppliers and subcontractors, ensuring alignment with circular construction
principles such as ethical sourcing, material recirculation, and waste reduction.

Procore aligns with circular construction principles by promoting sustainable project
management through enhanced transparency, accountability, and efficiency in resource use.
Its ability to track every stage of a building's lifecycle— from design and construction to
demolition and repurposing—ensures that sustainability considerations are embedded
throughout the entire process.

Innovation aspects
Procore integrates innovative aspects that enhance project efficiency and sustainability,
including:
e Al-Powered Predictive Analytics: Helps forecast potential delays and optimize scheduling
by identifying risks and recommending adjustments in real time.

e Automated Process Workflows: Streamlines documentation, compliance checks, and
approvals, reducing administrative overhead and improving efficiency.

e Real-Time Collaboration: The cloud-based platform ensures that all project stakeholders
have immediate access to updated project data, which is essential for dynamic decision-
making and minimizing downtime.

e BIM Model Integration: Supports 3D visualization and digital twin applications for
efficient planning and execution, enabling precise resource estimation and reducing
excess material usage.

e Material Passport Integration: Facilitates the tracking of building components for future
reuse, aligning with principles of circular economy.

By digitizing construction workflows and improving collaboration, Procore facilitates a shift
from traditional project management methods to a more data-driven, efficient approach,
ensuring that sustainability remains a key focus throughout the building lifecycle.

Technical information

Procore is a cloud-based project management platform with key technical features such as:

e Document and Drawing Management: Centralized storage for blueprints, contracts, and
project files with real-time updates.

e Scheduling and Task Management: Assign tasks, set deadlines, and track progress with
automated notifications to ensure adherence to project timelines.

e Financial Management: Budget tracking, cost forecasting, and invoicing tools that
integrate with accounting software to maintain financial oversight.

e BIM Model Viewer: 3D visualization for better project coordination, reducing the
likelihood of rework and material waste.
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Mobile Access & Offline Mode: Enables on-site access and updates, syncing when
connected, ensuring that information remains available even in remote locations.

Data Security & Compliance: Industry-standard encryption and authentication protocols
to protect sensitive information, essential for maintaining regulatory compliance.

Customizable Reports & Dashboards: Tailored analytics for project insights, including
sustainability performance tracking and environmental impact assessments.

Procore is designed to scale across different construction projects, ensuring consistency,
efficiency, and improved project oversight. Its interoperability with other industry-standard
software solutions enhances its usability and integration within complex project environments.

Impact
Technical and environmental restrictions

Technical Limitations:

High Cost: Expensive for SMEs, requiring significant investment, which may limit
adoption among smaller firms with lower budgets.

Learning Curve: Users need training to fully utilize platform capabilities, which may
require additional time and resources.

Internet Dependence: Requires stable connectivity for real-time updates, posing
challenges in remote or high-security locations where cloud access is restricted.

Environmental Constraints:

Increased Digital Footprint: Continuous cloud computing use may contribute to energy
consumption, requiring optimization to align with sustainability goals.

Hardware Compatibility: New software updates may require up-to-date hardware,
leading to potential e-waste if devices are not managed sustainably.

Data Storage and Processing: Extensive use of digital documentation and cloud storage
necessitates responsible data management to minimize environmental impact.

Al Methods

Procore integrates Al-driven functionalities to improve construction management:

%

Predictive Analytics: Forecasts potential delays based on project data, enabling teams to
mitigate risks proactively.

Process Automation: Streamlines workflows, approvals, and document management,
reducing manual workload and inefficiencies.

Machine Learning Algorithms: Helps optimize project scheduling and resource
allocation, minimizing unnecessary expenditures and enhancing productivity.

Natural Language Processing (NLP): Facilitates automated classification and retrieval of
project documentation, improving knowledge management.
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These Al-driven features enhance efficiency, reduce human error, and contribute to overall
project success while aligning with sustainability and circular economy objectives.

Website review comment

Procore offers extensive functionality, making it ideal for large-scale construction projects.
However, due to its complexity and high cost, it may not be suitable for small and medium-
sized enterprises (SMEs) without dedicated training and financial investment. The platform'’s
capabilities in lifecycle documentation, predictive analytics, and real-time collaboration make it
particularly well-suited for projects with strong sustainability and circular economy goals.
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INNOVATION DATA COLLECTION SHEET

UNIVOCAL CODE Al_APP_002

NAME Fieldwire

OBJECT ICT: Jobsite Management for Construction Teams

LIFE CYCLE STAGE Operation and use
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PRODUCER OR ORIGINATOR
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Figure 3: Examples of application screens: Construction blueprint app, Task Manager and Enhanced Plan
Viewer
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Characteristics
Description

Fieldwire is a construction management app designed to improve collaboration on job sites. It
enables teams to assign tasks, view updated plans, and track project progress in real time from
any device. With tools for scheduling, reporting, inspections, and as-built documentation,
Fieldwire supports efficient coordination, risk reduction, and streamlined data management,
making it ideal for general and specialty contractors, project owners, and designers.

Relevance for circular buildings

Fieldwire can support circular building management by facilitating efficient data tracking,
maintenance, and resource optimization. The app’s real-time task assignments and project
updates help manage ongoing building operations, ensuring that resources are used
effectively. With detailed documentation and inspection features, Fieldwire also aids in planning
refurbishments, tracking materials, and maintaining assets, which are crucial aspects of
circularity in building management.

Fieldwire can support a shift from linear to circular building management by promoting
sustainable, lifecycle-focused practices. With tools for tracking tasks, managing maintenance,
and documenting materials and resources, Fieldwire enhances transparency and accountability
at each project phase. This detailed record-keeping enables buildings to adapt over time,
ensuring efficient reuse, repurposing, and refurbishment rather than demolition. By improving
information flow and supporting maintenance, the app aligns with circular principles by helping
preserve building assets and materials throughout their usable lives.

Fieldwire's approach aligns with aspects of circular building research such as:

e Resource Efficiency: By supporting maintenance and timely repairs, Fieldwire can help
extend building materials' life cycles.

e Material Traceability: Documenting work and inspections aids in tracking materials and
resources over time, crucial for future reuse or recycling.

e Adaptive Reuse: Task management and project planning features allow easier
adaptation of spaces, reducing the need for demolition.

e Lifecycle Assessment: Data storage over the building's life helps with assessing
sustainability performance and supporting a circular approach.
Innovation aspects
Fieldwire incorporates innovation aspects that align with circularity principles through:

o Digital Documentation and Data Transparency: This streamlines the sharing and
accessibility of information on materials, maintenance needs, and building conditions,
facilitating lifecycle assessments and efficient decision-making.
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e Proactive Maintenance Scheduling: Automated tracking for repairs and inspections
extends building lifespan and reduces waste, critical for circularity.

e Real-Time Collaboration: By connecting teams instantly, Fieldwire optimizes resource
use, minimizes redundancies, and fosters adaptive reuse, aligning with circular
construction goals of resource optimization and reduced environmental impact.

Fieldwire's innovation can be disruptive for construction firms, property management
companies, and general contractors by challenging traditional project workflows and asset
management practices. Its digital collaboration and real-time documentation streamline on-site
processes, reducing reliance on manual data handling and paper records. For companies
rooted in traditional project management, adopting Fieldwire could lead to a major shift in
workforce operations, enhancing adaptability, reducing costs, and aligning with sustainability
goals. This disruption encourages a shift towards digitization and circular, data-driven building
lifecycle management.

Technical information

Fieldwire is a cloud-based construction management platform optimized for real-time
collaboration and efficient project handling. Key technical aspects include:

e Plan Viewing and Markup: High-resolution blueprint viewing allows detailed plan
markups. Users can annotate directly on drawings, ensuring current information is
accessible to all team members.

e Task Management and Scheduling: Tasks are assigned based on project role, with
priority settings and deadlines that trigger instant notifications, making it easier to
coordinate workflows.

e BIM Model Integration: Fieldwire supports BIM for 3D model viewing, allowing teams to
visualize complex architectural details without needing separate BIM software.

e Offline Access with Sync: Offline functionality ensures users can view and edit data on-
site without internet, syncing updates automatically when reconnected.

e Reporting and Inspection: Daily logs, inspection checklists, and progress photos can be
shared and stored, reducing manual documentation and ensuring consistent data
accuracy.

¢ Real-Time Communication: Team members can communicate directly within the app,
including sharing images, notes, and updates to minimize delays and confusion.

e Data Security: With secure authentication and encrypted data storage, Fieldwire
complies with industry data protection standards, safeguarding project information.

e Customizable Forms: Users can create tailored inspection or compliance forms to fit
specific project needs, standardizing data collection across sites.
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e Interoperability with CAD Software: Fieldwire integrates with AutoCAD and Revit,
streamlining plan imports and ensuring compatibility with industry-standard design
tools.

e Project and Asset Tracking: The platform tracks resource allocation, deadlines, and
budget benchmarks, helping teams optimize resources and avoid project delays.

Fieldwire's architecture is suited for scaling across multiple sites, enabling companies to
standardize project workflows, improve data tracking, and enhance project accountability.

Impact
Technical and environmental restrictions

The disadvantage of the application is the limitations for large projects. It also faces technical
and environmental restrictions that include:

Technical Limitations:

e Connectivity Dependence: Fieldwire relies on stable internet access for real-time
collaboration, which can be challenging on remote or underground sites.

e Device Compatibility: While mobile-friendly, different devices and older operating
systems may have compatibility issues.

e Data Security: Construction projects often involve sensitive information, requiring strong
cybersecurity measures to protect data integrity.

Environmental Constraints:

e Resource Consumption: Constant device use increases electricity demand, impacting
carbon footprint.

e Lifecycle Impacts: Hardware reliance necessitates periodic device upgrades,
contributing to electronic waste unless managed sustainably.

Al Methods

Fieldwire does not explicitly disclose Al methods it uses, but similar construction management
platforms often incorporate Al to automate and analyse project workflows. Typical Al-driven
tools in construction management may include:

¢ Image Recognition: Used for identifying equipment or verifying safety measures.
e Natural Language Processing (NLP): For sorting and categorizing on-site reports.
e Predictive Analytics: Al can predict project delays based on data trends.

e Machine Learning: Often aids in optimizing resource allocation and identifying risk
patterns.

Fieldwire might use some of these methods to enhance efficiency and data insights across
construction projects.

¥ e 2 G
Il progetto CIRCULAR.BUILDINGS e co-finanziato dall'Unione europea nell'ambito del Programma Interreg VI-A Italia-Slovenia.
Projekt CIRCULAR.BUILDINGS sofinancira Evropska unija v okviru Programa Interreg VI-A Italija-Slovenija.

Circular.buildings Circular.buildings

60



ierreyg e

Sofinancira

Italia-Slovenija Evropska unija

Circular.Buildings

INNOVATION DATA COLLECTION SHEET

UNIVOCAL CODE Al_APP_003

NAME DroneDeploy

OBJECT ICT:. Drone Data Capture and Analysis for Construction
Projects

LIFE CYCLE STAGE Operation and use

DroneDeploy, Inc.

PRODUCER OR ORIGINATOR
https://www.dronedeploy.com/

San Francisco, CA, USA
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Figure 4: Examples of app. screens: Drone Mapping Interface, 3D Model Viewer, Construction Progress
Analysis
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Description

DroneDeploy is a drone management platform designed for data capture, mapping, and
analysis in construction projects. It enables teams to conduct aerial site inspections, generate
high-resolution orthomosaic maps, create 3D models, and monitor construction progress in
real time. The platform integrates automated flight planning, Al-driven image analysis, and
cloud-based data storage to enhance efficiency and accuracy in site management.

DroneDeploy is particularly beneficial for large-scale construction projects, providing
comprehensive aerial data that improves decision-making, enhances workplace safety, and
streamlines site documentation. By automating aerial surveys and reducing the need for
manual inspections, it increases operational efficiency while minimizing risks to personnel.

Relevance for circular buildings

DroneDeploy contributes to circular construction by enhancing resource efficiency, reducing
material waste, and optimizing site management through precise data collection and analysis.
Its core contributions include:
e Resource Optimization: High-resolution aerial data enables precise tracking of materials,
site utilization, and logistics, reducing unnecessary waste and improving resource
allocation.

e Material Traceability: Drone imaging supports real-time documentation of materials,
allowing project managers to track usage and ensure efficient deployment or reuse.

e Lifecycle Documentation: The platform records site conditions, construction phases, and
structural changes over time, supporting long-term sustainability assessments.

e Minimized Environmental Impact: By reducing the need for physical site visits and
manual inspections, DroneDeploy lowers fuel consumption and carbon emissions
associated with on-site monitoring.

e Site Remediation & Land Reuse: Detailed topographical mapping allows teams to
evaluate land conditions, facilitating responsible deconstruction, material recovery, and
future land use planning.

e Workplace Safety Enhancements: By enabling remote inspections, DroneDeploy
minimizes worker exposure to hazardous environments, aligning with sustainable and
safe construction practices.

The integration of drone technology with circular economy principles ensures that construction
projects maximize efficiency while reducing environmental impact, fostering a data-driven
approach to sustainability.
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Innovation aspects

DroneDeploy leverages advanced technology to transform construction monitoring and data
collection, with key innovations including;:

Al-Powered Image Analytics: Automated analysis of aerial imagery identifies site
changes, material stock levels, and structural progress, improving project tracking and
planning.

3D Modeling & Digital Twin Technology: High-resolution 3D reconstructions allow for
better visualization and simulation of site conditions, enhancing design adaptability and
material efficiency.

Automated Flight Planning: Pre-programmed drone flight paths ensure consistent and
efficient data collection without manual intervention.

Real-Time Cloud Processing: Aerial data is uploaded, processed, and shared instantly,
enabling stakeholders to make data-driven decisions without delays.

Integration with BIM & GIS Systems: Enhances interoperability with existing construction
management tools, ensuring seamless data sharing and workflow optimization.

By combining drone automation with Al-driven analytics, DroneDeploy improves project
efficiency, reduces manual effort, and supports sustainable construction methodologies.

Technical information

DroneDeploy is a cloud-based drone management platform with key technical features such
as:

%

Automated Flight Controls: Users can plan, execute, and monitor drone missions with
pre-set parameters for accurate data capture.

High-Resolution Mapping & Imaging: Generates detailed orthomosaic maps, elevation
models, and thermal scans for enhanced site analysis.
3D Site Modeling: Constructs digital twins for structural assessment, land planning, and
project visualization.
Al-Powered Image Processing: Detects site anomalies, volume changes, and material
movements automatically.
Offline Functionality: Enables data capture in remote locations with post-mission
syncing.
Data Security & Compliance: Secure cloud storage, encryption, and access control
ensure project data remains protected.
BIM & CAD Integration: Enhances compatibility with industry-standard design and
project management software.
Automated Reporting & Analytics: Generates insights on site progress, safety
compliance, and operational efficiency.

e 22 GO A

Il progetto CIRCULAR.BUILDINGS e co-finanziato dall'Unione europea nell'ambito del Programma Interreg VI-A Italia-Slovenia.

Projekt CIRCULAR.BUILDINGS sofinancira Evropska unija v okviru Programa Interreg VI-A Italija-Slovenija.

Circular.buildings Circular.buildings

63



Cofinanziato

. l l t e r l e” dall'Unione europea

Sofinancira

Italia-Slovenija Evropska unija

DroneDeploy is designed to scale across multiple projects, improving construction site
oversight and supporting sustainability-driven management practices.

Impact

Technical and environmental restrictions

Technical Limitations:

e Regulatory Compliance: Drone flights must adhere to local aviation laws, requiring
permits and operator certification.

e Training Requirements: Users need technical expertise to operate drones effectively and
interpret aerial data.

e Weather Dependency: Adverse conditions (wind, rain, low visibility) can impact drone
flights and data quality.

Environmental Constraints:

e Energy Consumption: Drone operations require battery charging and cloud-based
processing, contributing to energy use.

e Hardware Upgrades: Frequent software updates may necessitate newer drone models,
leading to potential electronic waste.

e Airspace Restrictions: Drone deployment is limited in urban or restricted areas, requiring
special permissions.

Al Methods
DroneDeploy integrates Al-driven functionalities to enhance construction site monitoring and
data analysis:
e Image Analytics: Al-powered image recognition detects construction anomalies, material
movement, and safety risks.
e 3D Modeling: Machine learning algorithms optimize the reconstruction of high-
resolution 3D site models for accurate visualization.
e Automated Change Detection: Identifies site progress or deviations from planned
designs, preventing costly rework.
e Predictive Safety Analytics: Al detects hazards and potential risks based on historical site
conditions and real-time imagery.
These Al-driven capabilities improve project efficiency, reduce human error, and support
circular construction practices by optimizing material use and enhancing safety monitoring.
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Website review comment

DroneDeploy is a powerful tool for construction site management, offering rapid data capture
and visualization of site progress. Its emphasis on workplace safety through remote inspections
makes it particularly valuable for reducing risks in hazardous environments. However,
regulatory compliance and training requirements may pose challenges for widespread
adoption, particularly for companies new to drone operations.
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Figure 5: Examples of app. screens: Safety Monitoring Dashboard, Al Detection Alerts, Risk Analysis Reports
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Description

ViAct is an Al-powered computer vision platform designed for real-time safety and quality
monitoring on construction sites. It utilizes smart video analytics to detect unsafe behaviors,
ensure compliance with safety regulations, and monitor work quality. The system integrates
with existing surveillance infrastructure and provides instant alerts and insights to project
managers, improving overall site safety and operational efficiency.

By automating hazard detection and quality control, ViAct enhances productivity and reduces
the risk of workplace accidents. The platform is particularly valuable for large construction
projects where continuous site monitoring is necessary to ensure adherence to safety protocols
and quality standards.

Relevance for circular buildings

ViAct contributes to circular construction by improving resource efficiency, minimizing risks,
and ensuring long-term sustainability in building operations. Its core contributions to circular
economy principles include:

e Workplace Safety Optimization: Reducing accidents and injuries ensures that labor
resources are used effectively, minimizing disruptions and improving workforce
sustainability.

e Material and Resource Protection: Al-driven monitoring prevents material wastage by
detecting improper handling, unsafe storage, and inefficient resource use.

e Lifecycle Quality Control: Continuous monitoring ensures that construction quality
meets required standards, extending the lifespan of buildings and reducing the need for
costly repairs or early demolition.

o Data-Driven Risk Assessment: ViAct's predictive analytics help identify risk patterns over
time, allowing for proactive mitigation strategies that enhance the resilience of
structures.

e Reduction of Rework and Waste: By detecting defects early in the construction process,
ViAct prevents unnecessary material use and reduces the environmental impact of
rework.

e Sustainable Workforce Management: Al-driven insights help optimize labor allocation,
ensuring efficient use of human resources and improving on-site conditions.

By integrating Al-powered monitoring with circular economy principles, ViAct promotes safer,
more efficient, and sustainable construction practices.
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Innovation aspects

ViAct utilizes cutting-edge Al and computer vision technologies to revolutionize construction
site monitoring. Key innovations include:

Al-Powered Behavior Recognition: Detects unsafe actions, such as improper equipment
usage, lack of protective gear, or risky maneuvers.

Automated Compliance Monitoring: Ensures adherence to safety regulations,
minimizing the risk of legal violations and penalties.

Real-Time Incident Alerts: Immediate notifications enable quick intervention to prevent
accidents or mitigate hazardous situations.

Predictive Risk Analytics: Uses historical data to anticipate potential risks and suggest
preventive measures.

Integration with 10T and Surveillance Systems: Compatible with existing cameras and
monitoring equipment, allowing seamless deployment.

Edge Al Processing: Reduces data transmission latency by processing video feeds locally,
ensuring faster detection and response times.

Workforce Productivity Insights: Tracks efficiency, workforce movement patterns, and
task completion rates to optimize labor management.

By combining Al-driven automation with advanced safety analytics, ViAct enhances project
efficiency, reduces workplace incidents, and supports long-term sustainability goals in the
construction sector.

Technical information

ViAct is a cloud-based Al platform optimized for construction site monitoring, with key technical
features including:

%

Computer Vision Algorithms: Advanced Al models analyze live video feeds to detect
safety violations and quality issues.

Automated Risk Alerts: Real-time notifications sent to site managers and safety officers.

Edge Processing & Cloud Integration: On-site Al processing reduces latency, while cloud
storage ensures long-term data accessibility.

Behavioral Analytics & Reporting: Tracks compliance trends, risk patterns, and worker
activity over time.

Customizable Safety Rules: Users can define project-specific safety parameters to tailor
Al monitoring.

Multi-Camera Integration: Supports multiple video feeds for large-scale project
monitoring.

Data Security & Encryption: Ensures compliance with industry standards for privacy and

cybersecurity.
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e APl & Software Integrations: Connects with existing project management and Building
Information Modeling (BIM) tools.

ViAct's architecture is scalable, making it suitable for projects of various sizes and complexities.
Its ability to integrate with standard construction technologies ensures seamless adoption
across diverse site environments.

Impact

Technical and environmental restrictions
Technical Limitations:

e Video Quality Dependence: Requires high-resolution cameras and stable network
infrastructure for optimal performance.

e Environmental Factors: Weather conditions, dust, and lighting variations can affect Al
accuracy.

e Al Model Training: Continuous updates and refinements are needed to improve
recognition accuracy across different worksite conditions.

Environmental Constraints:

e Energy Consumption: Al processing and cloud computing require significant power,
contributing to digital infrastructure emissions.

e Hardware Requirements: Dependence on surveillance systems may lead to increased
electronic waste if not managed responsibly.

e Data Storage Needs: Long-term video storage for compliance purposes may require
large-scale cloud solutions, adding to the system'’s carbon footprint.

Al Methods

ViAct leverages Al-driven functionalities to enhance workplace safety and efficiency:

e Computer Vision for Safety Monitoring: Detects PPE compliance, hazardous movements,
and risk-prone activities.

e Data Analytics for Risk Prediction: ldentifies patterns in past incidents to provide
proactive safety recommendations.

e Automated Incident Reporting: Generates reports with Al-powered insights for safety
compliance and quality control.

¢ Machine Learning for Continuous Improvement: Al models improve over time, adapting
to site-specific safety challenges.

These Al-driven capabilities help construction firms improve safety standards, minimize risks,
and align with sustainable development goals.
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Website review comment

ViAct is an excellent Al-driven system for improving workplace safety and quality control in
construction. Its ability to detect risks in real time significantly reduces the likelihood of
accidents, making it an essential tool for high-risk environments. However, its reliance on high-

quality video equipment and network infrastructure may present challenges for some
construction sites.
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UNIVOCAL CODE Al_APP_005

NAME Downtobid

OBJECT ICT: Procurement and Pre-Construction Bid Analysis
Platform

LIFE CYCLE STAGE Planning and procurement

Downtobid

PRODUCER OR ORIGINATOR

https://www.downtobid.com/
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Figure 6: Examples of app. screens: Bid Comparison Dashboard, Cost Analysis Reports, Contractor Selection
Interface
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Downtobid is an Al-powered procurement and pre-construction platform that streamlines bid
analysis, cost assessment, and contractor selection. The platform automates the comparison
of bids, reducing manual errors and ensuring a more transparent procurement process. It is
particularly beneficial for small and medium-sized construction firms that require efficient and
accurate cost analysis without extensive administrative overhead.

Downtobid simplifies contractor selection by evaluating historical data, pricing trends, and
project compatibility. Through predictive analytics and automation, it improves decision-
making and reduces inefficiencies in the early construction phases. The system enables better
financial planning, helping companies optimize budget allocation and resource management.

Relevance for circular buildings

Downtobid contributes to circular construction by enhancing procurement efficiency,
promoting sustainable material choices, and minimizing resource waste in pre-construction
planning. Its contributions include:

e Sustainable Procurement Optimization: Al-driven analysis supports environmentally
responsible supplier selection by prioritizing vendors with sustainable practices and
materials.

e Material and Cost Transparency: The platform enhances visibility into material sourcing
and pricing, ensuring projects align with circular economy principles.

e Lifecycle Cost Analysis: Predictive cost assessment tools help project managers evaluate
long-term financial impacts, reducing lifecycle costs and unnecessary resource
consumption.

e Reduction of Procurement Waste: By automating bid evaluations and contractor
selection, Downtobid prevents over-ordering, cost overruns, and inefficient
procurement decisions.

e Encouragement of Circular Supply Chains: Supports partnerships with vendors focused
on recycled or reusable construction materials.
e Integration with Sustainable Building Standards: Ensures procurement aligns with
industry standards for energy efficiency and environmental responsibility.
By fostering a structured and data-driven procurement process, Downtobid helps construction
firms make informed choices that align with circular economy objectives, leading to more
efficient and sustainable project execution.
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Innovation aspects

Downtobid leverages Al and automation to optimize procurement workflows and pre-
construction planning. Key innovations include:

Al-Powered Bid Analysis: Uses machine learning algorithms to compare contractor bids,
ensuring transparency and reducing manual selection biases.

Predictive Cost Forecasting: Evaluates cost trends and project-specific risks to improve
budget planning and financial sustainability.

Automated Risk Assessment: Identifies potential risks in contractor proposals and
highlights inconsistencies.

Process Automation for Procurement: Streamlines document collection, compliance
verification, and bid scoring.

Integration with Project Management Tools: Connects with BIM and accounting software
to ensure smooth transitions from procurement to execution.

Supplier Benchmarking & Performance Analytics: Compares contractor performance
over time, allowing for better long-term procurement decisions.

By integrating Al-driven analytics with procurement processes, Downtobid enhances efficiency,
reduces costs, and supports sustainable building practices through data-driven decision-
making.

Technical information

Downtobid is a cloud-based platform designed for procurement and bid management in
construction projects, featuring:

%

Bid Comparison Dashboard: Automated ranking of contractor proposals based on price,
experience, and sustainability metrics.

Cost Estimation Engine: Al-driven algorithms assess potential expenses, ensuring
budget accuracy.

Contractor Selection Algorithms: Evaluates past performance, bid competitiveness, and
project fit.

Automated Compliance Verification: Ensures legal and regulatory requirements are met
in procurement decisions.

Predictive Analytics for Cost and Risk: Identifies potential budget overruns and risk
factors before project initiation.

Customizable Reporting Tools: Generates procurement reports tailored to project-
specific needs.

API & Integration Support: Connects with BIM, ERP, and financial management tools.
Secure Cloud Storage: Ensures compliance with industry data protection regulations.
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Downtobid's structured data approach allows construction firms to streamline procurement,
minimize financial risks, and promote circular economy practices through informed decision-
making.

Impact

Technical and environmental restrictions
Technical Limitations:

Limited Customization: May not fully adapt to unique or highly specialized project
requirements.

Data Dependency: The accuracy of Al recommendations relies on high-quality input
data, which may vary across projects.

Learning Curve: Requires training to optimize bid analysis and procurement automation.

Environmental Constraints:

Supplier Limitations: The platform's ability to prioritize sustainable vendors depends on
available industry data.

Energy Use for Cloud Computing: Continuous data processing and Al analytics require
cloud-based infrastructure, contributing to digital energy consumption.

Potential for Algorithmic Bias: Al-driven procurement may favor cost over sustainability
unless properly configured.

Al Methods

Downtobid integrates Al functionalities to improve procurement efficiency and decision-
making:

Predictive Analytics for Cost & Risk: Identifies potential financial and operational
challenges before contracts are signed.

Machine Learning for Bid Scoring: Analyzes contractor proposals, ranking them based
on price, performance, and sustainability criteria.

Process Automation: Reduces manual workload by streamlining document verification
and bid evaluation.

Historical Data Analysis: Uses past project data to improve cost estimation and supplier
selection.

These Al-driven capabilities enhance procurement transparency, reduce administrative
burdens, and contribute to more sustainable and efficient construction processes.
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Website review comment

Downtobid is a highly useful platform for pre-construction and procurement, particularly
beneficial for smaller companies seeking efficiency in bid analysis and contractor selection.

However, its adaptability to specialized project requirements may be limited, requiring firms to
ensure it aligns with their procurement needs.
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Figure 7: Examples of application screens: 3D Scan Viewer, Digital Twin Model, Construction Site
Documentation Interface
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Matterport is a 3D visualization and scanning platform designed for construction site
documentation, real estate, and facility management. It enables users to create digital twins of
physical spaces, providing immersive and highly detailed 3D models. The platform integrates
Al-powered computer vision and automated 3D modeling, allowing for precise spatial analysis
and planning.

Matterport is widely used in construction for progress tracking, site inspections, and as-built
documentation. It helps stakeholders collaborate remotely by providing accurate visual
records, reducing the need for physical site visits. In real estate and facility management,
Matterport enhances property showcasing, virtual walkthroughs, and space utilization analysis.

Relevance for circular buildings

Matterport plays a crucial role in circular construction by supporting efficient documentation,
resource management, and long-term sustainability practices. Key contributions include:

e Material & Resource Tracking: High-resolution 3D scans enable accurate documentation
of materials used in construction, supporting future reuse and circular economy
initiatives.

e Lifecycle Digital Twin Management: Continuous digital records help track changes in
buildings over time, aiding in renovation, refurbishment, and adaptive reuse.

e Reduction in Physical Site Visits: Remote access to detailed 3D models minimizes travel-
related emissions and site disruption, promoting sustainability.

e Waste Minimization & Efficient Planning: Precise spatial mapping reduces errors in
material estimation and cuts unnecessary waste.

e Support for Deconstruction & Recycling: Digital records assist in identifying recyclable
materials and optimizing deconstruction strategies.

e Facility Management Optimization: Helps track energy usage, monitor space utilization,
and plan maintenance activities more efficiently.

Matterport's detailed documentation and Al-driven modeling align with circular economy
principles by enhancing transparency, supporting data-driven decision-making, and optimizing
material reuse in the built environment.

Innovation aspects

Matterport integrates Al, automation, and computer vision to enhance 3D modeling and digital
documentation. Key innovations include:

e Al-Powered 3D Reconstruction: Uses advanced computer vision to create highly
accurate digital twins with minimal manual input.
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Automated Spatial Analysis: Al algorithms analyze scanned environments to provide
measurements, annotations, and insights for construction planning.

Virtual Collaboration Tools: Enables stakeholders to inspect and review 3D models
remotely, streamlining decision-making.

BIM & CAD Integration: Ensures compatibility with existing project management tools
for seamless data exchange.

Augmented Reality (AR) & Virtual Reality (VR) Support: Enhances design visualization and
client engagement.

Cloud-Based Storage & Accessibility: Allows for secure, centralized access to project
documentation.

Automated Progress Tracking: Captures construction site updates over time, ensuring
accurate project monitoring.

Matterport's ability to create highly detailed digital twins transforms construction and facility
management by enhancing efficiency, reducing costs, and improving long-term sustainability
planning.

Technical information

Matterport is a cloud-based 3D scanning and visualization platform with key technical features
such as:

Automated 3D Model Generation: Converts scanned environments into interactive
digital twins.

LiIDAR & Photogrammetry Support: Uses multiple scanning technologies for high-
precision spatial mapping.

Measurement & Annotation Tools: Enables precise spatial analysis and real-time
collaboration.

Offline & Cloud-Based Access: Ensures availability of 3D models even in low-connectivity
environments.

Multi-Device Compatibility: Works with mobile devices, professional 3D cameras, and
drones.

Security & Data Encryption: Protects sensitive building information and user data.
APl & Integration Support: Connects with BIM, GIS, and project management software.

Automated Site Progress Reports: Tracks construction updates over time to ensure
accuracy.

Matterport's technical capabilities enable construction firms, real estate agencies, and facility
managers to document and analyze spaces with unprecedented detail and accuracy.
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Impact

Technical and environmental restrictions
Technical Limitations:

Hardware Dependency: Achieving the highest accuracy requires specialized 3D scanning
hardware.

File Size & Data Processing: High-resolution scans generate large files, requiring
substantial cloud storage and processing power.

Learning Curve: Users may need training to maximize the platform'’s potential.

Environmental Constraints:

Energy Consumption: Cloud computing and continuous 3D model updates contribute to
digital infrastructure emissions.

E-Waste Considerations: Specialized hardware may require periodic upgrades, leading
to electronic waste.

Data Privacy Concerns: Secure handling of sensitive construction and real estate data is
necessary to comply with regulations.

Al Methods

Matterport integrates Al-powered computer vision and 3D modeling techniques to enhance
digital site documentation and spatial analysis. Key Al functionalities include:

Computer Vision for Automated 3D Mapping: Al reconstructs environments based on
captured images and point cloud data.

Al-Powered Image Stitching: Seamlessly merges multiple scans into a single, accurate 3D
model.

Automated Object Recognition & Classification: Identifies structural elements and
furnishings for improved space analysis.

Predictive Space Utilization Analytics: Al insights optimize space planning and facility
management.

Change Detection Algorithms: Compares updated scans to previous models to identify
modifications and track construction progress.

These Al-driven capabilities significantly enhance the accuracy, usability, and efficiency of
Matterport's 3D modeling solutions, making them indispensable for digital construction
documentation.
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Website review comment

Matterport is a highly effective platform for digital site documentation and planning. Its ability
to create immersive and precise 3D models makes it an invaluable tool for construction and
real estate professionals. However, reliance on specialized hardware for best results may
present a barrier for some users.
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NAME Autodesk Construction Cloud

OBJECT ICT: Cloud-Based Construction Management Suite with
BIM and Collaboration Tools

LIFE CYCLE STAGE Design, Construction, and Facility Management

Autodesk, Inc.

PRODUCER OR ORIGINATOR
https://construction.autodesk.com/

San Rafael, CA, USA
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Figure 8: Examples of app. screens: Project Tracking Dashboard, BIM Model Integration, Collaboration
Interface
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Autodesk Construction Cloud (ACC) is a comprehensive suite of cloud-based construction
management tools that integrates Building Information Modeling (BIM), project tracking, and
real-time collaboration. It provides a unified platform for managing the entire construction
lifecycle, from design and pre-construction planning to execution and facility management. The
platform enhances coordination between architects, engineers, contractors, and project
managers, reducing inefficiencies and improving workflow integration.

ACC enables seamless data exchange and document management, ensuring all stakeholders
work with the most up-to-date project information. With predictive analytics and automated
reporting, it helps mitigate risks, control costs, and enhance construction site productivity.

Relevance for circular buildings

Autodesk Construction Cloud contributes to circular construction practices by supporting
material tracking, lifecycle assessment, and data-driven decision-making. Its key contributions
include:

e Lifecycle BIM Management: Enables continuous tracking of building materials and
components, facilitating future reuse and recycling.
e Waste Reduction & Resource Optimization: Predictive analytics and automated clash
detection minimize errors, reducing material waste.
e Material Traceability & Circular Procurement: Ensures responsible sourcing and
sustainable supply chain integration.
e Energy Efficiency & Carbon Footprint Monitoring: BIM integration enables simulations to
optimize energy consumption.
e Facility Management & Adaptive Reuse: Supports long-term building operation,
renovation planning, and asset repurposing.
e Enhanced Collaboration for Circular Design: Facilitates coordination between
stakeholders to implement sustainable construction principles.
ACC aligns with circular economy objectives by integrating digital workflows, improving material
efficiency, and enhancing transparency in construction project management.

Innovation aspects

Autodesk Construction Cloud integrates Al and cloud computing to streamline construction
workflows. Key innovations include:
o Al-Powered Predictive Analytics: Identifies risks, prevents delays, and improves project
efficiency.
e Automated Clash Detection & Issue Resolution: Reduces costly rework by detecting
design inconsistencies before construction begins.
X e 227 G 4
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Cloud-Based Real-Time Collaboration: Allows all project stakeholders to access and
update documents simultaneously.

BIM Model Integration & Digital Twin Support: Enhances project visualization, planning,
and facility lifecycle management.

Automated Compliance & Safety Monitoring: Al-driven checks ensure adherence to
industry regulations.

Data Integration Across Project Phases: Links design, procurement, construction, and
maintenance data for a holistic view.

Sustainability Performance Analysis: Enables measurement of environmental impact
and adherence to green building certifications.

By automating key processes and enhancing collaboration, ACC optimizes construction
workflows and ensures sustainable project execution.

Technical information

Autodesk Construction Cloud is a cloud-based platform with extensive features, including:

Centralized Document Management: Cloud storage for blueprints, models, and
contracts with version control.

Al-Driven Risk Analysis & Forecasting: Identifies potential cost overruns and project
delays.

Automated Workflow Management: Streamlines approval processes and task
assignments.

Integration with Third-Party Software: Supports interoperability with ERP, scheduling,
and financial management tools.

Mobile & Offline Access: Ensures real-time project updates from any location.

Security & Compliance Controls: Industry-standard encryption and data protection
measures.

BIM 360 & Revit Integration: Allows seamless coordination between digital models and
construction teams.

Customizable Reports & Dashboards: Provides insights on cost tracking, sustainability
metrics, and project performance.

ACC's technical capabilities enhance efficiency, minimize risks, and promote sustainability in
large-scale construction projects.
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Impact

Technical and environmental restrictions
Technical Limitations:

High Cost: Subscription-based pricing can be expensive for smaller firms.
Learning Curve: Requires training for effective implementation.
Connectivity Dependency: Cloud-based infrastructure relies on stable internet access.

Environmental Constraints:

Energy Use in Cloud Computing: Large-scale data processing may contribute to
increased energy consumption.

Hardware Requirements: Advanced BIM functionalities require high-performance
computing devices.

Data Storage & Digital Footprint: Continuous documentation and model updates require
optimized data management.

Al Methods

Autodesk Construction Cloud integrates Al-driven functionalities to optimize
construction project management:

Predictive Analytics for Risk & Cost Control: Al forecasts potential budget overruns and
schedule deviations.

Machine Learning for Process Automation: Reduces administrative workload and
improves task efficiency.

Al-Based Clash Detection in BIM Models: Identifies conflicts in architectural and
engineering plans before execution.

Automated Safety Monitoring: Al-powered compliance checks enhance on-site safety
management.

Data-Driven Sustainability Insights: Evaluates carbon impact and resource efficiency for
green building projects.

These Al-driven capabilities enhance project predictability, efficiency, and sustainability.

Website review comment

Autodesk Construction Cloud is a powerful solution for complex construction projects requiring
full lifecycle management. It offers extensive collaboration and project tracking capabilities,
making it ideal for large-scale developments. However, the high cost and required training may
pose challenges for smaller firms looking to adopt the platform.
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NAME BIM 360

ICT: Cloud-Based Construction Management Platform
OBJECT with Project Documentation, Quality Control, and
Collaboration
LIFE CYCLE STAGE Design, Construction, and Facility Management

Autodesk, Inc.

PRODUCER OR ORIGINATOR
https://www.autodesk.com/bim-360

San Rafael, CA, USA
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Figure 9: Examples of app. screens: Document Management Dashboard, Issue Tracking Interface, BIM
Collaboration Tools
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Description

BIM 360 is a cloud-based construction management platform that facilitates real-time
collaboration, project documentation, and quality control for construction firms and project
management teams. By integrating Building Information Modeling (BIM) with advanced
workflow automation, BIM 360 ensures that all project stakeholders—architects, engineers,
contractors, and owners—have access to the latest project data in a centralized environment.

The platform enhances construction efficiency by reducing errors, improving communication,
and providing Al-driven insights for risk mitigation. BIM 360 is widely used in large construction
projects for document management, design coordination, issue tracking, and compliance
monitoring.

Relevance for circular buildings

BIM 360 aligns with circular economy principles by improving resource efficiency, lifecycle
documentation, and sustainability management. Key contributions include:

e Lifecycle BIM Tracking: Enables long-term monitoring of building materials and
components, facilitating future reuse and refurbishment.

e Waste Reduction & Material Optimization: Al-driven analytics detect potential clashes
and inefficiencies, minimizing unnecessary material consumption.

e Sustainable Procurement & Supply Chain Transparency: Tracks material sourcing to
ensure compliance with circular economy principles.

e Energy Efficiency & Performance Monitoring: Allows integration with energy simulation
tools to optimize building performance.

o Facility & Asset Management for Adaptive Reuse: Ensures that structures are maintained
efficiently for extended lifecycles, reducing premature demolition.

e Circular Construction Collaboration: Facilitates seamless communication between
stakeholders to incorporate sustainable design and material choices.

By integrating real-time collaboration with data-driven decision-making, BIM 360 enables
construction projects to adopt more sustainable and circular practices.
Innovation aspects

BIM 360 leverages Al and cloud computing to streamline project workflows and improve
construction quality. Key innovations include:

e Al-Powered Risk Prediction & Issue Detection: |dentifies project risks early, preventing
costly rework and delays.

e Automated Workflow Management: Streamlines document approvals, RFls (Requests
for Information), and compliance tracking.
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BIM Model Integration & Clash Detection: Al-driven algorithms identify conflicts in design
before construction begins.

Cloud-Based Real-Time Collaboration: Ensures that project teams can access and modify
information instantly.

Automated Compliance Checks: Al-powered tools verify adherence to building
regulations and industry standards.

Data Analytics for Sustainability Metrics: Tracks carbon footprint, energy efficiency, and
waste management across project phases.

Interoperability with Third-Party Software: Connects with CAD, ERP, and project
scheduling tools for integrated construction workflows.

BIM 360's Al-driven automation enhances efficiency, improves collaboration, and supports
long-term sustainability in construction projects.

Technical information

BIM 360 is a cloud-based solution with extensive features designed for digital construction
management, including:

Centralized Document & Version Control: Ensures real-time access to project files with
full audit tracking.

Al-Driven lIssue Tracking & Resolution: Detects design flaws, safety concerns, and
compliance issues.

Customizable Dashboards & Reports: Provides insights into cost control, sustainability
impact, and construction progress.

Mobile & Offline Functionality: Enables on-site workers to access and update data from
remote locations.

Security & Data Encryption: Industry-standard protection for sensitive construction data.

BIM Model Viewer & Collaboration Tools: Allows interactive 3D model analysis for design
validation.

Predictive Analytics for Project Performance: Al-powered insights optimize scheduling
and resource allocation.

APl & Integration Support: Connects seamlessly with Revit, AutoCAD, and other
Autodesk products.

BIM 360's technical capabilities make it a leading solution for managing large-scale construction
projects while promoting efficiency and sustainability.

%
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Impact

Technical and environmental restrictions
Technical Limitations:

e Training & Setup Required: Users need experience with BIM tools for effective
implementation.

¢ Internet Dependency: Cloud-based infrastructure requires stable connectivity.
e Subscription Costs: Pricing may be a barrier for smaller firms or individual contractors.
Environmental Constraints:

e C(Cloud Computing Energy Demand: Large-scale data processing can increase the
system'’s carbon footprint.

e Hardware Requirements: Advanced BIM functionalities require high-performance
computing devices.

¢ Digital Waste Management: Long-term project data storage needs to be optimized to
reduce unnecessary digital waste.

Al Methods

BIM 360 incorporates Al-driven functionalities to improve construction project execution and
risk management:

e Predictive Analytics for Construction Risks: Al detects potential delays and quality issues
before they occur.

¢ Machine Learning for Workflow Optimization: Automates repetitive processes, reducing
human error.

e Al-Powered Clash Detection in BIM Models: Identifies design conflicts before
construction begins, reducing material waste.

e Automated Quality Control & Compliance Tracking: Ensures adherence to regulations
and building standards.

e Data Integration for Circular Economy Insights: Tracks material use and sustainability
metrics for long-term environmental impact assessments.

These Al-powered tools enhance collaboration, minimize risks, and support sustainable
construction practices.

Website review comment

BIM 360 is a strong collaboration tool for BIM-based construction workflows, providing robust
document management, risk mitigation, and real-time project tracking. While its Al-driven
features enhance efficiency and sustainability, the platform requires training and a structured
setup for optimal utilization.
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NAME PlanGrid

OBJECT ICT: Digital Blueprint Platform for Construction
Document Management and Collaboration

LIFE CYCLE STAGE Design, Construction, and Facility Management

Autodesk, Inc.
PRODUCER OR ORIGINATOR

https://www.plangrid.com

San Rafael, CA, USA
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Figure 10: Examples of app. screens: Document Management Interface, Task Tracking Dashboard, Blueprint
Markup Tool
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PlanGrid is a digital blueprint platform that enables construction teams to access, share, and
manage real-time project documentation. Designed to streamline document management and
collaboration, it allows architects, engineers, and contractors to interact with the latest project
updates from any device. By centralizing project data and automating version control, PlanGrid
reduces errors, enhances efficiency, and improves overall site communication.

The platform facilitates issue tracking, document annotation, and automated task assignments,
ensuring that construction teams have accurate and up-to-date information at all times.
PlanGrid is widely used in the construction industry for project documentation, site
collaboration, and quality control.

Relevance for circular buildings

PlanGrid contributes to circular construction by enhancing material tracking, reducing paper-
based documentation, and improving project efficiency. Key contributions include:

e Paperless Documentation & Digital Storage: Reduces reliance on printed blueprints,
minimizing paper waste and improving environmental sustainability.

e Material & Resource Management: Al-powered document recognition helps track
resource utilization and project changes.

e Version Control & Change Management: Ensures accurate tracking of design
modifications, reducing rework and material waste.

e Facility Lifecycle Integration: Supports long-term asset management and adaptive reuse
by maintaining digital records.

e Collaboration for Sustainable Design: Enables stakeholders to integrate green building
practices into design and construction workflows.

o Efficient Task & Issue Tracking: Reduces inefficiencies by ensuring real-time visibility into
project status and potential risks.

By providing digital tools for document management and real-time collaboration, PlanGrid
helps construction firms implement circular economy principles more effectively.
Innovation aspects

PlanGrid incorporates Al-driven automation and digital workflow optimization to improve
document management and collaboration. Key innovations include:

e Al-Powered Document Recognition: Automatically categorizes and indexes project files,
reducing administrative workload.

e Automated Task Tracking & Issue Detection: Assigns tasks based on project updates and
identifies potential risks.
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Cloud-Based Document Synchronization: Ensures that all project stakeholders have
access to the most recent blueprints and reports.

Mobile & Offline Functionality: Allows site teams to access plans and update project
information from remote locations.

Automated Version Control & Change Tracking: Prevents errors by maintaining a
detailed history of project modifications.

Customizable Reporting & Data Analytics: Provides insights into project progress, safety
compliance, and material usage.

Integration with Autodesk BIM & Revit: Enhances coordination with 3D models and other
digital construction tools.

PlanGrid's digital-first approach reduces reliance on manual documentation, improving
efficiency, collaboration, and sustainability in construction workflows.

Technical information

PlanGrid is a cloud-based solution designed to streamline construction document
management, featuring:

Centralized Document Storage: Stores blueprints, RFls (Requests for Information), and
project notes in a structured digital repository.

Al-Driven Issue Tracking: Detects and flags discrepancies in construction documents.

Task Assignment & Workflow Automation: Improves team coordination and project
execution.

Security & Compliance Controls: Ensures data encryption and regulatory compliance.
Blueprint Markup & Annotation Tools: Allows real-time collaboration on site drawings.

APl & Software Integrations: Connects with other Autodesk products and third-party
construction management platforms.

Offline Access & Cloud Synchronization: Ensures uninterrupted workflow, even in
remote locations.

Customizable Dashboards & Reports: Provides stakeholders with tailored project
insights.

PlanGrid’'s advanced document management features make it an essential tool for construction
firms looking to improve collaboration and operational efficiency.

%
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Impact

Technical and environmental restrictions
Technical Limitations:

Limited Integration with Non-Autodesk Products: May not be fully compatible with third-
party project management tools.

Learning Curve for New Users: Requires training to maximize functionality.

Subscription-Based Pricing Model: Costs may be prohibitive for smaller firms with
limited budgets.

Environmental Constraints:

Cloud Computing Energy Consumption: Continuous data processing requires cloud-
based infrastructure, increasing energy usage.

Hardware Compatibility Requirements: Advanced features may require high-
performance mobile devices or tablets.

Data Storage & Digital Waste Considerations: Long-term storage of construction
documents must be managed efficiently.

Al Methods

PlanGrid integrates Al-driven functionalities to enhance project collaboration and document
management:

Document Recognition for Automated Indexing: Al categorizes construction documents,
reducing manual organization efforts.

Predictive Analytics for Task Assignments: Al recommends tasks based on project
changes and workflow priorities.

Automated Change Detection in Blueprints: Identifies discrepancies between document
versions to prevent costly mistakes.

Al-Powered Compliance Monitoring: Tracks regulatory compliance based on project
documentation and safety records.

Data Analytics for Resource Optimization: Provides insights into material usage and
efficiency improvements.

These Al-driven features enhance workflow efficiency, reduce errors, and support sustainable
construction practices.

Website review comment

PlanGrid is an effective tool for digitalizing construction documentation and site collaboration.
Its streamlined document management and task automation features significantly improve
workflow efficiency. However, limited integration with non-Autodesk products may present
challenges for firms using a diverse software ecosystem.
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NAME Skycatch

OBJECT ICT: Aerial Drone Data Collection and Processing
Platform for Construction Site Monitoring

LIFE CYCLE STAGE Planning, Construction, and Earthworks Management

Skycatch, Inc.
PRODUCER OR ORIGINATOR

https://www.skycatch.com

San Francisco, CA, USA
PRODUCTION
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Figure 11: Examples of app. screens: High-Precision Terrain Mapping, Real-Time Site Monitoring, Drone Flight
Planning Interface
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Skycatch is an aerial drone data collection and processing platform designed for high-accuracy
geospatial data capture in large-scale construction, infrastructure, and earthworks projects. It
utilizes Al-driven computer vision and automated 3D modeling to generate detailed
topographical maps, monitor site progress, and optimize material movement.

The platform integrates drone flight automation with cloud-based processing, enabling teams
to collect, analyze, and visualize construction site data in real time. By reducing reliance on
manual surveying and traditional monitoring techniques, Skycatch enhances efficiency,
accuracy, and safety in large construction environments.

Relevance for circular buildings

Skycatch supports circular construction by improving resource efficiency, reducing material
waste, and enabling data-driven site management. Key contributions include:

e Optimized Earthworks & Material Movement: Al-powered analysis ensures efficient
excavation, reducing excess material displacement.

e Precision Terrain Mapping for Sustainable Planning: High-accuracy mapping helps
minimize environmental disruption and optimize land use.

e Waste Reduction & Resource Allocation: Aerial data allows for better tracking of on-site
materials, ensuring they are used efficiently or repurposed.

e Remote Site Monitoring & Reduced Travel Needs: Drone-based inspections lower carbon
emissions associated with physical site visits.

e Support for Adaptive Reuse & Land Reclamation: Detailed topographical data helps plan
for land restoration and future reuse in circular economy projects.

e Lifecycle Documentation for Long-Term Sustainability: Comprehensive digital records
ensure efficient site management over multiple project phases.

By providing real-time geospatial insights, Skycatch enhances sustainable construction
practices while reducing operational inefficiencies.

Innovation aspects

Skycatch incorporates advanced drone technology and Al-driven analytics to revolutionize
construction site monitoring. Key innovations include:

e Al-Powered Computer Vision for Data Analysis: Automates terrain classification,
stockpile measurement, and hazard detection.

e Automated 3D Modeling & Digital Twin Creation: Enables accurate visualizations for
planning and monitoring.

e Real-Time Flight Automation & Data Processing: Reduces manual effort and increases
efficiency in large-scale surveying.
e 2 G
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High-Resolution Orthomosaic Mapping: Provides centimeter-level accuracy for
excavation and construction planning.

Automated Change Detection & Risk Assessment: Al detects deviations from planned
site layouts, reducing errors and costly rework.

Cloud-Based Collaboration & Data Sharing: Ensures instant access to project data for all
stakeholders.

Integration with BIM & GIS Platforms: Enhances interoperability with existing project
management and design tools.

Skycatch's Al-driven approach improves data collection, enhances accuracy, and accelerates
decision-making in large construction projects.

Technical information

Skycatch is a cloud-based drone management and geospatial data processing platform,
featuring:

Automated Flight Planning & Execution: Predefined flight paths ensure consistent data
capture.

High-Precision Terrain Models & Elevation Maps: Al-enhanced processing generates
accurate topographical models.

Real-Time Site Monitoring Dashboards: Provides visual insights into site progress and
resource allocation.

Al-Driven Volume & Distance Measurements: Calculates stockpile volumes, excavation
depths, and material transport needs.

Edge Computing for Faster Data Processing: Reduces reliance on cloud connectivity by
processing images on-site.

BIM & GIS Integration: Ensures seamless workflow between geospatial analysis and
construction management tools.

Automated Risk & Compliance Checks: Al identifies safety hazards and regulatory
violations.

Data Security & Encryption: Protects sensitive construction and infrastructure data from
unauthorized access.

Skycatch's high-accuracy geospatial capabilities make it a vital tool for large-scale projects
requiring precise site management and resource optimization.

%

Il progetto CIRCULAR.BUILDINGS e co-finanziato dall'Unione europea nell'ambito del Programma Interreg VI-A Italia-Slovenia.

Projekt CIRCULAR.BUILDINGS sofinancira Evropska unija v okviru Programa Interreg VI-A Italija-Slovenija.

Circular.buildings Circular.buildings

95



[ | l l t e r l eu g:lflia?'l?::'na::uropaa
Italia-Slovenija Evropska unija

Sofinancira

Impact

Technical and environmental restrictions
Technical Limitations:

Regulatory Compliance for Drone Operations: Requires adherence to local aviation and
safety regulations.

Training Requirements for Drone Pilots: Operators need certification and experience for
optimal usage.

Weather & Environmental Constraints: Drone performance may be affected by wind,
rain, or low visibility.

Environmental Constraints:

Battery Dependency & Energy Use: Frequent drone flights require recharging, increasing
power consumption.

Potential for E-Waste from Drone Hardware: Periodic drone upgrades may contribute to
electronic waste unless properly managed.

Limited Operation in Restricted Airspace: Urban and high-security areas may require
special flight permissions.

Al Methods

Skycatch integrates Al-driven computer vision and geospatial analytics to optimize construction
site monitoring. Key Al functionalities include:

Automated 3D Model Generation: Al reconstructs digital terrain models from aerial
imagery.

Computer Vision for Object & Terrain Recognition: Detects excavation zones, machinery,
and material stockpiles.

Change Detection Algorithms: Identifies site modifications and deviations from planned
designs.

Automated Volume & Distance Measurements: Uses Al to calculate material quantities
and site elevation changes.

Predictive Safety Analytics: Al detects potential hazards and compliance risks based on
site conditions.

These Al-powered capabilities enhance accuracy, efficiency, and sustainability in large-scale
construction and infrastructure projects.

Website review comment

Skycatch is an ideal solution for large-scale construction sites requiring high-accuracy
geospatial data. Its Al-driven analytics and automated drone workflows significantly improve
site monitoring and resource management. However, drone operation training and regulatory

&

compliance requirements may present adoption challenges for some users.
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OBJECT ICT: Toolkit for Supporting Circular Economy Principles in
Construction and Building Lifecycle Management

LIFE CYCLE STAGE Design, Construction, Renovation, and End-of-Life
Management
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PRODUCER OR ORIGINATOR research institutions

https://ce-toolkit.dhub.arup.com/

Global - Developed in collaboration with environmental
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Figure 12: Examples of app. screens: Circular Design Framework, Sustainability Metrics Dashboard
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The Circular Buildings Toolkit is a comprehensive framework designed to help construction
professionals, architects, and urban planners implement circular economy principles
throughout the building lifecycle. The toolkit provides methodologies, best practices, and digital
tools for sustainable construction, emphasizing material reuse, lifecycle assessment, and waste
reduction.

By integrating Al-driven predictive analytics and sustainability modeling, the toolkit enables
data-driven decision-making in material selection, building adaptability, and long-term
environmental impact assessment. The framework is particularly valuable for sustainability-
focused construction firms, city planners, and organizations looking to transition to circular
construction models.

Relevance for circular buildings

The Circular Buildings Toolkit is specifically designed to support circular construction by
addressing key sustainability challenges. Its contributions include:
¢ Material Reuse Optimization: Al-driven analytics assess deconstruction potential and
material lifecycle extension.
e Lifecycle Performance Evaluation: Tracks the environmental impact of construction
materials, helping reduce carbon footprint.
e Circular Design Strategies: Provides guidelines for designing adaptable, deconstructable,
and resource-efficient buildings.
e Waste Reduction & Resource Efficiency: Integrates predictive modeling to minimize
material waste and optimize resource use.
e Sustainable Procurement Planning: Helps firms select materials based on durability,
recyclability, and embodied carbon impact.
e Facility & Asset Management for Circularity: Ensures efficient operation and long-term
sustainability of buildings through digital documentation and monitoring.
e Integration with Circular Economy Certification Standards: Aligns with global
sustainability frameworks such as LEED, BREEAM, and DGNB.

By supporting long-term building adaptability and circular material cycles, the toolkit helps
transition the construction sector toward a more sustainable and resource-efficient future.

Innovation aspects

The Circular Buildings Toolkit incorporates Al, sustainability modeling, and digital workflows to
promote circular construction. Key innovations include:
e Al-Powered Predictive Analytics for Material Reuse: Evaluates material recovery
potential and provides reuse recommendations.
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Automated Circular Design Assessment: Analyzes project data to ensure compliance
with circular economy principles.

Lifecycle Carbon Footprint Modeling: Uses Al-driven simulations to assess emissions and
suggest reduction strategies.

Circular Construction Benchmarking & Reporting: Provides real-time data insights for
sustainability performance evaluation.

Digital Material Passport Integration: Documents building materials to enable future
reuse and recycling.

Waste Prevention & Recovery Optimization: Al identifies high-risk waste areas and
suggests process improvements.

Interoperability with BIM & GIS Systems: Ensures smooth integration with existing digital
construction workflows.

By embedding Al-powered tools and data analytics, the toolkit helps construction professionals
transition toward circular economy principles effectively.

Technical information

The Circular Buildings Toolkit is a cloud-based and locally deployable platform with key features
such as:

Al-Driven Circularity Assessments: Predicts material reuse potential and waste reduction
opportunities.

Lifecycle Cost & Impact Analysis: Evaluates financial and environmental trade-offs of
different construction strategies.

Material Database & Resource Inventory: Provides information on sustainable materials
and suppliers.

Automated Sustainability Compliance Checks: Ensures adherence to green building
certifications and regulations.

Building Adaptability & Deconstruction Planning: Assists in designing for disassembly
and material recovery.

Real-Time Circularity Metrics Dashboard: Displays project sustainability KPIs for
informed decision-making.

Data Security & Open Standards Integration: Supports interoperability with existing
industry tools and frameworks.

This toolkit serves as a critical resource for organizations aiming to embed circular principles
into their construction and renovation projects.
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Impact

Technical and environmental restrictions
Technical Limitations:

Specialized Knowledge Required: Effective use of the toolkit requires familiarity with
circular economy concepts.

Limited Use Outside Sustainability-Focused Projects: May not be applicable to
conventional construction approaches.

Integration Challenges with Traditional Project Management Tools: Adoption requires
alignment with existing digital workflows.

Environmental Constraints:

Data Availability for Accurate Modeling: Sustainability impact assessments rely on
comprehensive and high-quality input data.

Cloud-Based Computing Energy Consumption: Running simulations and predictive
analytics may increase digital infrastructure emissions.

Material Recovery Limitations: Effectiveness depends on existing deconstruction and
recycling infrastructure.

Al Methods

The Circular Buildings Toolkit leverages Al-driven capabilities to enhance sustainable
construction and lifecycle management. Key Al functionalities include:

Predictive Analytics for Material Reuse & Recovery: Uses historical data and material
properties to forecast reuse potential.

Sustainability Impact Modeling: Al-driven lifecycle assessment helps quantify the
environmental impact of design choices.

Automated Circularity Scoring & Compliance Tracking: Provides recommendations to
align projects with circular construction standards.

Al-Powered Optimization for Waste Reduction: Identifies inefficiencies and suggests
corrective actions to minimize material loss.

Machine Learning for Adaptive Building Design: Uses data to propose flexible,
deconstructable structures.

Digital Twin Integration for Real-Time Monitoring: Tracks resource utilization and
sustainability performance over time.

These Al-powered tools enhance the implementation of circular economy principles in
construction, making the toolkit a valuable resource for sustainability-focused projects.
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Website review comment

The Circular Buildings Toolkit is an excellent resource for sustainable construction and circular
economy integration. It provides comprehensive methodologies and Al-driven insights to
optimize material reuse and reduce environmental impact. However, its application may be
limited outside of sustainability-focused projects, making it more relevant for firms and
organizations committed to green building principles.
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UNIVOCAL CODE Al_APP_012

NAME One Click LCA

OBJECT ICT: Life Cycle Assessment (LCA) Software for Measuring
Environmental Impacts in Construction Projects

LIFE CYCLE STAGE Design, Construction, Operation, and End-of-Life
Assessment

One Click LCA Ltd.
PRODUCER OR ORIGINATOR

https://www.oneclicklca.com

Finland - Developed in collaboration with sustainability
PRODUCTION experts and construction industry professionals

CONDITIONS FOR AVAILABILITY Licen;e - Commgrcial - Requires Expertise in
Sustainability Reporting

PHOTOGRAPHS OR SCHEMES

44 Carbon Designer 30 > Project |

« General information

44 Life Cycle Assessment Tool > Project 1

v General information

Figure 13:  Examples of app. screens: Carbon Footprint Dashboard, Material Impact Analysis, BIM-
Integrated LCA Reporting
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Characteristics
Description

One Click LCAis a leading life cycle assessment (LCA) software designed to measure and reduce
the environmental impact of construction projects. It enables architects, engineers, and
developers to assess carbon emissions, energy consumption, and material sustainability
throughout a building's lifecycle. The platform integrates with BIM tools and industry databases
to provide accurate and automated impact assessments, supporting compliance with green
building certification standards such as LEED, BREEAM, and DGNB.

By utilizing Al-driven sustainability analytics and machine learning algorithms, One Click LCA
helps construction professionals make data-informed decisions to optimize material choices,
reduce carbon footprints, and improve resource efficiency.

Relevance for circular buildings

One Click LCA plays a crucial role in circular construction by facilitating material impact analysis,
waste minimization, and resource efficiency. Key contributions include:

e Material Carbon Footprint Tracking: Al-powered assessments quantify the embodied
carbon in building materials, enabling more sustainable choices.

e Lifecycle Impact Evaluation: The platform provides a full assessment of a building's
environmental footprint, from raw material extraction to end-of-life scenarios.

e Support for Circular Material Flows: Identifies opportunities for material reuse and
recycling, reducing overall waste.

e Optimization of Sustainable Procurement: Helps developers select materials with lower
environmental impact based on lifecycle data.

e Adaptive Reuse & Retrofitting Analysis: Evaluates the environmental benefits of
repurposing existing structures versus new construction.

e Integration with Circular Economy Standards: Aligns projects with sustainability
certification frameworks, supporting regulatory compliance.

e Energy & Water Consumption Modeling: Al-driven analytics assess operational efficiency
and recommend energy-saving measures.

By providing in-depth sustainability insights, One Click LCA helps construction firms adopt more
circular and environmentally responsible building practices.
Innovation aspects

One Click LCA integrates machine learning, automation, and data-driven sustainability analytics
to enhance lifecycle assessments. Key innovations include:

e Al-Powered Impact Assessment Models: Machine learning algorithms predict
environmental impacts based on material properties and lifecycle stages.
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Automated BIM Integration for LCA Calculations: Directly links with Revit, ArchiCAD, and
other BIM tools for streamlined assessments.

Predictive Carbon Reduction Strategies: Recommends material substitutions and
process optimizations to lower emissions.

Database of Environmental Product Declarations (EPDs): Provides access to verified
sustainability data on thousands of construction materials.

Automated Compliance Checking: Ensures adherence to sustainability regulations and
green building certification requirements.

Circular Economy Readiness Assessment: Evaluates how well a project aligns with
circular construction principles.

Real-Time Carbon Performance Benchmarking: Compares project emissions against
industry best practices to set sustainability targets.

By integrating Al-driven analytics with lifecycle impact assessments, One Click LCA provides
construction professionals with actionable insights to reduce carbon emissions and enhance
sustainability performance.

Technical information

One Click LCA is a cloud-based platform with robust features for sustainability reporting and
lifecycle impact analysis, including:

Automated LCA Calculations: Generates impact assessments based on project data,
material choices, and energy use.

BIM & CAD Compatibility: Integrates seamlessly with Autodesk Revit, ArchiCAD, and
other design tools.

Material Circularity & Reusability Analysis: Identifies opportunities for sustainable
material use.

Energy & Carbon Modeling: Tracks emissions from building operations and suggests
mitigation strategies.

Regulatory Compliance Tracking: Aligns projects with EU Taxonomy, LEED, BREEAM, and
other sustainability frameworks.

Customizable Reporting Dashboards: Provides real-time insights into carbon footprint,
embodied energy, and resource efficiency.

Data Security & GDPR Compliance: Ensures secure handling of sustainability data and
corporate environmental disclosures.

APl & Open Data Connectivity: Enables integration with third-party sustainability tools
and construction management platforms.

One Click LCA's technical capabilities make it a powerful tool for assessing, mitigating, and
reporting environmental impacts in the built environment.
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Impact

Technical and environmental restrictions
Technical Limitations:

Specialized Expertise Required: Users must understand LCA methodologies and
sustainability reporting.

Data Quality Dependency: Accuracy relies on the availability of verified Environmental
Product Declarations (EPDs) and project-specific data.

Integration Complexity for Non-BIM Workflows: While BIM integration is seamless,
projects without digital models may require manual data entry.

Environmental Constraints:

Cloud-Based Computing Energy Usage: Al-driven assessments require continuous cloud
processing, contributing to energy consumption.

Material Circularity Challenges: While the platform identifies reuse potential,
implementation depends on local recycling and deconstruction infrastructure.
Regulatory Variability: Compliance tracking effectiveness varies based on regional
environmental regulations and certification criteria.

Al Methods

One Click LCA employs Al and machine learning for advanced sustainability analytics and impact
assessments. Key Al functionalities include:

Machine Learning for Impact Prediction: Al models estimate carbon footprint, energy
consumption, and material efficiency based on historical data.

Automated Data Processing for LCA Reports: Al extracts and processes material
information from BIM models and construction documents.

Carbon Optimization Recommendations: Suggests sustainable alternatives to reduce
emissions in construction projects.

Circularity Scoring Algorithms: Evaluates the potential for material reuse and circular
economy compliance.

Automated Benchmarking & Industry Comparisons: Uses Al to compare project
performance against global sustainability standards.

By leveraging Al-driven analytics, One Click LCA provides accurate, scalable, and efficient
environmental impact assessments for the construction industry.

Website review comment

One Click LCA is a powerful tool for sustainability-focused projects, offering in-depth carbon
impact analysis and lifecycle assessments. Its integration with BIM tools enhances workflow
efficiency, but users need expertise in sustainability reporting to fully leverage its capabilities.
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NAME Autodesk Revit

ICT: Building Information Modeling (BIM) Tool with
OBJECT Generative Design for Architectural and Structural
Planning

LIFE CYCLE STAGE Design, Construction, Operation, and Renovation

Autodesk, Inc.

PRODUCER OR ORIGINATOR

https://www.autodesk.com/products/revit

San Rafael, CA, USA
PRODUCTION

(do\IER{o ]\ Je LNV V-IIMAR G [ icense - Commercial - Requires Training
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Figure 14:  Examples of app. screens: Generative Design Interface, Structural Modeling, Material
Optimization Dashboard
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Autodesk Revit is a leading Building Information Modeling (BIM) software designed for
architects, structural engineers, and construction professionals. It enables parametric
modeling, collaborative design, and generative workflows, optimizing building layouts and
material use. Revit integrates seamlessly with other Autodesk tools, providing a comprehensive
platform for architectural, MEP (Mechanical, Electrical, Plumbing), and structural design.

With its Al-driven generative design capabilities, Revit enhances efficiency in planning and
construction. The platform automates repetitive tasks, reduces design errors, and optimizes
layouts based on performance criteria. By supporting sustainable material selection and digital
twin integration, Revit contributes to advanced lifecycle management in architecture and
construction.

Relevance for circular buildings

Autodesk Revit plays a critical role in circular construction by enabling material
efficiency, lifecycle tracking, and sustainability-driven design. Key contributions include:
Generative Design for Material Optimization: Al-driven algorithms evaluate multiple
design options to reduce material waste and improve structural efficiency.
BIM-Enabled Material Lifecycle Tracking: Tracks building components from design
through demolition to enable reuse and recycling.

Energy Performance & Carbon Impact Analysis: Supports sustainability simulations to
optimize building efficiency.

Adaptive Reuse & Renovation Planning: Helps architects design structures that can be
repurposed or expanded in the future.

Integration with Material Databases & Environmental Product Declarations (EPDs):
Provides data on embodied carbon and sustainability ratings of materials.

Digital Twin Technology for Long-Term Resource Efficiency: Allows for real-time
monitoring of building performance over its lifecycle.

Waste Reduction & Prefabrication Support: Enhances modular construction methods,
reducing on-site waste and improving efficiency.

By embedding circular economy principles in architectural and structural planning, Revit
supports sustainable development in the construction sector.
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Innovation aspects

Autodesk Revit incorporates advanced computational design and Al-powered automation to
enhance the efficiency and sustainability of construction projects. Key innovations include:

Al-Driven Generative Design: Uses machine learning algorithms to generate and
evaluate multiple design alternatives based on efficiency, cost, and environmental
impact.

Automated Structural Analysis & Load Calculation: Predicts structural performance
under various conditions.

Parametric Modeling for Adaptive Architecture: Enables flexible and scalable designs
that can be modified with minimal material waste.

Real-Time Collaboration with BIM 360: Ensures seamless data sharing across
multidisciplinary teams.

Energy & Daylight Simulation Tools: Helps optimize building efficiency before
construction begins.

Automated Clash Detection & Issue Resolution: Identifies and resolves conflicts in
architectural and MEP models to prevent construction delays.

Integration with Prefabrication & Modular Construction: Supports factory-based
assembly processes for reduced material waste and higher efficiency.

These innovations make Revit an essential tool for data-driven architectural planning and
sustainable building design.

Technical information

Autodesk Revit is a cloud-enabled BIM platform with extensive design, analysis, and
documentation capabilities, including:

%

Parametric & Generative Modeling: Supports rule-based design iterations for structural
efficiency.

Al-Powered Design Optimization: Automates material selection and space planning.

BIM-Integrated Clash Detection: Ensures coordination between architectural, structural,
and MEP systems.

Material Lifecycle & Sustainability Assessment: Provides impact analysis for material
choices.

Cloud Collaboration & Data Synchronization: Allows real-time access to project files.

Multi-Format Interoperability: Supports integration with IFC, DWG, RVT, and other file
formats.

API & Custom Scripting Support: Enables automation and custom tool development via
Dynamo and Python scripting.
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e Construction Sequencing & Visualization: Enhances planning with 4D simulation for
project timelines.

Revit's robust technical framework supports complex building designs while optimizing
resources for circular and sustainable construction.

Impact

Technical and environmental restrictions

Technical Limitations:

e High Computational Demand: Requires powerful hardware for complex modeling and
rendering tasks.

e Steep Learning Curve: Users need training in BIM workflows and parametric design.
e Subscription-Based Model: High licensing costs may limit access for smaller firms.
Environmental Constraints:

e Cloud Computing Energy Consumption: Real-time collaboration and simulations require
substantial data processing power.

e Digital Waste from Excessive Data Storage: Large model files require efficient
management to prevent excessive storage use.

e Hardware Upgrade Requirements: Advanced modeling tasks necessitate frequent
hardware upgrades, potentially leading to electronic waste.

Al Methods
Autodesk Revit incorporates Al-driven generative design and computational modeling to
optimize architectural workflows. Key Al functionalities include:
¢ Machine Learning for Generative Design: Al analyzes multiple design options to find the
most efficient solutions.
e Al-Powered Space Planning: Suggests optimal building layouts based on usage, daylight
exposure, and energy consumption.
e Automated Clash Detection & Conflict Resolution: Identifies structural and MEP conflicts
before construction begins.
e Predictive Material Performance Analysis: Al models forecast durability and lifecycle
impact of selected materials.
e Optimization Algorithms for Prefabrication & Modular Design: Supports industrialized
construction workflows to minimize waste.
e Sustainability Simulation & Carbon Footprint Analysis: Al-driven tools assess energy
efficiency and emissions impact for various design scenarios.
These Al-driven capabilities make Revit a powerful tool for data-driven and sustainability-
focused architectural design.
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Website review comment

Autodesk Revit is an essential tool for complex building designs, integrating BIM workflows with
Al-powered generative design. While it excels in architectural and structural planning, its

computational demands and steep learning curve may make it excessive for smaller projects
or firms without dedicated BIM expertise.
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NAME PlanSwift

OBJECT ICT: Digital Measurement and Cost Estimation Tool for
Construction Projects

LIFE CYCLE STAGE Planning, Procurement, and Cost Estimation

ConstructConnect

PRODUCER OR ORIGINATOR
https://www.planswift.com

USA - Developed for Estimating and Takeoff in
Construction

(do\bIa{o ]\ Je LNV V-IIRAR G [ icense - Commercial - Requires Training
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Figure 15:  Examples of app. screens: Digital Takeoff Interface, Material Estimation Dashboard, Cost
Breakdown Report
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PlanSwift is a digital takeoff and cost estimation tool designed to streamline measurement and
material quantification in construction projects. It enables contractors, estimators, and
architects to quickly perform digital takeoffs from project blueprints, eliminating the need for
manual measurements and paper-based documentation.

The platform enhances accuracy in cost estimation, helping construction professionals improve
budgeting and procurement processes. With Al-powered process automation and analytical
tools, PlanSwift reduces errors in manual calculations and accelerates project estimation
timelines.

PlanSwift is widely used in general contracting, architectural design, and material procurement
for its ability to convert construction plans into precise material and labor estimates.
Relevance for circular buildings

PlanSwift contributes to circular construction by improving material efficiency, reducing waste,
and optimizing procurement strategies. Key contributions include:

e Optimized Material Usage & Waste Reduction: Digital takeoff tools minimize
overordering, ensuring precise material allocation.

e Automated Cost Estimation for Sustainable Procurement: Al analytics suggest cost-
effective, eco-friendly material choices.

e Efficient Inventory Management: Tracks material usage patterns, promoting resource
efficiency.

e Lifecycle Cost Planning: Integrates with budgeting tools to assess long-term cost impacts
of material selection.

e Reduction in Paper-Based Documentation: Digital workflows decrease the reliance on
printed blueprints and physical estimates.

e Data-Driven Procurement Optimization: Al-powered analysis improves supply chain
management by aligning material orders with project sustainability goals.

e Integration with Circular Economy Standards: Enables project teams to evaluate
construction methods based on environmental and lifecycle impacts.

By promoting accurate resource allocation and material tracking, PlanSwift enhances
sustainability efforts in cost estimation and procurement processes.
Innovation aspects

PlanSwift leverages Al-driven automation and digital workflows to improve measurement
accuracy and estimation efficiency. Key innovations include:

e Al-Powered Process Automation for Digital Takeoff: Eliminates manual blueprint analysis

and measurement errors.
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Predictive Analytics for Cost Forecasting: Uses historical data to refine budget estimates
and reduce financial risks.

Automated Material List Generation: Converts blueprints into detailed bill-of-materials
reports.

Real-Time Collaboration & Cloud Data Sharing: Ensures seamless information exchange
between contractors and suppliers.

Integration with Estimating & Accounting Software: Connects with procurement tools to
streamline purchasing decisions.

Customizable Calculation Formulas: Allows users to adjust measurement algorithms for
project-specific needs.

Machine Learning for Estimation Accuracy Improvement: Enhances predictions by
analyzing past project data.

By integrating Al with digital measurement processes, PlanSwift enhances efficiency, reduces
material waste, and supports informed decision-making in construction cost management.

Technical information

PlanSwift is a desktop-based digital takeoff solution with cloud-enabled functionalities. Key
features include:

Automated Blueprint Analysis: Converts 2D drawings into structured measurement
data.

Smart Takeoff Tools: Al-enhanced measurements for faster and more accurate cost
estimation.

Material & Cost Estimation Engine: Calculates total material and labor costs based on
project specifications.

Multi-Format File Support: Imports PDFs, DWGs, and image files for easy plan analysis.
Custom Formulas & Templates: Allows users to create reusable estimation frameworks.

Integration with Third-Party Accounting & Procurement Systems: Connects with ERP and
supply chain platforms.

Cloud Storage & Data Security: Ensures safe storage and access to estimation reports.

API for Automation & Customization: Enables advanced workflow integration with other
construction management software.

PlanSwift's robust technical features make it a reliable tool for streamlining measurement,
estimation, and procurement in construction projects.
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Impact

Technical and environmental restrictions
Technical Limitations:

Learning Curve for New Users: Requires training to fully utilize Al-powered estimation
tools.

Limited Al in Custom Workflow Adaptation: Predefined templates may require manual
adjustment for specialized projects.

Desktop-Centric Design: Cloud integration is limited compared to fully web-based
solutions.

Environmental Constraints:

Data Storage Requirements for Large Projects: High-volume blueprint files may require
extensive digital storage.
Hardware Performance Requirements: Advanced calculations and rendering need high-
performance computers.

Cloud Processing Energy Demand: Al-driven estimation models increase computational
load, contributing to energy consumption.

Al Methods

PlanSwift integrates Al-powered process automation and analytics to enhance estimation
accuracy and efficiency. Key Al functionalities include:

Automated Blueprint Recognition: Al extracts measurements directly from digital
construction drawings.

Predictive Analytics for Cost Estimation: Al refines budget forecasts using historical
project data.

Machine Learning for Takeoff Accuracy: Improves estimation precision by analyzing past
material usage patterns.

Al-Powered Workflow Automation: Reduces manual data entry and accelerates
procurement planning.

Integration with Sustainability Databases: Al helps recommend eco-friendly materials
based on project criteria.

Smart Error Detection in Measurements: Al identifies discrepancies in blueprint
interpretations to reduce costly miscalculations.

These Al-powered enhancements ensure that PlanSwift remains a competitive and efficient
solution for digital takeoffs and cost estimation in construction.
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Website review comment

PlanSwift is a useful tool for digitalizing construction estimates and material listings based on
project documentation. Its Al-driven automation streamlines the takeoff process, but new users
may require training to leverage its full capabilities. Additionally, its desktop-focused design
may limit flexibility for firms requiring fully cloud-based solutions.
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Figure 16:  Examples of app. screens: 360-Degree Image Capture Interface, Construction Progress
Dashboard, Automated Site Comparison Reports
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OpenSpace is an Al-powered construction progress tracking tool that utilizes 360-degree
images to document and analyze site development in real time. The platform automates visual
documentation by integrating with off-the-shelf 360-degree cameras, allowing users to capture
comprehensive site data with minimal manual input.

By leveraging Al-driven computer vision and image analysis, OpenSpace maps captured images
onto project plans, creating a visual timeline of construction progress. This enhances project
transparency, improves quality control, and streamlines communication among stakeholders.
The system is widely used in large construction firms for remote site monitoring, compliance
verification, and project documentation.

Relevance for circular buildings

OpenSpace contributes to circular construction by improving resource tracking, minimizing
rework, and supporting data-driven decision-making. Key contributions include:

e Automated Visual Documentation for Material Tracking: Ensures precise monitoring of
material usage and site conditions.

e Reduction of Construction Waste Through Progress Analysis: Identifies inefficiencies that
could lead to excessive resource consumption.

e Lifecycle Building Documentation for Future Adaptation: Maintains digital records that
support refurbishment and adaptive reuse planning.

e Remote Site Inspections to Reduce Travel Emissions: Enables virtual site visits,
minimizing the need for physical inspections.

e Data-Driven Quality Control for Sustainable Construction: Al highlights inconsistencies
in workmanship, improving long-term durability.

e Integration with BIM for Circular Economy Planning: Links visual documentation with
digital models to optimize resource efficiency.

e Support for Deconstruction & Salvage Planning: Helps assess material recovery potential
by documenting structural elements.

By providing an automated, data-rich visual history of a project, OpenSpace enhances circular
economy strategies through improved tracking, monitoring, and decision-making.
Innovation aspects

OpenSpace integrates cutting-edge computer vision and Al-driven image analysis to enhance
construction site monitoring. Key innovations include:

e Al-Powered Image Stitching for 360-Degree Site Mapping: Automatically aligns and
georeferences images to floor plans.
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Automated Site Progress Comparison: Al highlights deviations from planned
construction schedules.

Real-Time Remote Site Inspection Capabilities: Enables virtual walkthroughs for project
managers and stakeholders.

Computer Vision for Object & Material Recognition: Identifies installed components and
tracks changes over time.

Historical Image Archiving for Long-Term Project Analysis: Provides a searchable,
timestamped digital record of site evolution.

Integration with Project Management Platforms: Links visual data with Procore, BIM 360,
and other industry tools.

Al-Driven Risk Analysis for Quality & Safety: Detects inconsistencies that may lead to
defects or regulatory issues.

By combining automation with Al-driven analytics, OpenSpace enhances transparency and
efficiency in construction site management.

Technical information

OpenSpace is a cloud-based construction monitoring platform with robust image capture,
processing, and analysis capabilities, including:

360-Degree Image Capture & Mapping: Uses Al to overlay images onto floor plans for
visual progress tracking.

Automated Progress Monitoring Dashboards: Displays site updates and historical
comparisons.

Smart Image Recognition & Object Detection: Al identifies construction elements and
anomalies.

Time-Lapse & Side-by-Side Comparisons: Allows users to compare different project
phases visually.

Cloud Storage & Remote Access: Enables instant retrieval of site images for analysis and
reporting.
Multi-Device Compatibility: Works with mobile devices, tablets, and 360-degree cameras.

Data Security & Compliance Controls: Ensures secure storage of construction
documentation.

API for Integration with Third-Party Software: Connects with construction management
and BIM tools.

OpenSpace’s combination of real-time site visualization and Al-powered analysis makes it an
essential tool for large-scale construction monitoring and documentation.
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Impact

Technical and environmental restrictions
Technical Limitations:

Requires Additional Image Capture Equipment: Users need compatible 360-degree
cameras for effective implementation.

Quality of Insights Depends on Image Resolution: Poor image quality can affect Al
analysis accuracy.

Cloud-Based Infrastructure Requires Internet Connectivity: Continuous data
synchronization may be challenging in remote locations.

Environmental Constraints:

Energy Consumption for Image Processing & Storage: Large-scale image datasets
require substantial cloud computing resources.

Hardware Dependency & E-Waste Concerns: Periodic camera upgrades may contribute
to electronic waste.

Data Management Challenges for Long-Term Storage: Efficient organization is necessary
to handle large volumes of historical image data.

Al Methods

OpenSpace leverages advanced Al-driven image processing and computer vision techniques to
enhance construction site monitoring. Key Al functionalities include:

Computer Vision for 360-Degree Image Analysis: Al detects and classifies construction
components.

Automated Image Stitching & Mapping: Aligns images with floor plans for seamless
visualization.

Al-Powered Change Detection Algorithms: Identifies progress deviations and missing
elements.

Smart Material & Object Recognition: Analyzes installed materials for tracking and
verification.

Predictive Analytics for Progress Forecasting: Al estimates project completion timelines
based on historical data.

Risk Analysis for Quality Control & Safety Compliance: Detects potential defects and
highlights risk factors.

These Al-driven capabilities ensure that OpenSpace delivers automated, data-rich insights to
improve construction site management and documentation.
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Website review comment

OpenSpace is a complex system for progress monitoring, offering powerful Al-driven 360-
degree image analysis for construction tracking. While it significantly improves site
documentation and remote inspections, the requirement for additional equipment and cloud-

based infrastructure may make it too advanced for smaller firms or projects with limited
technical resources.

e 2GS A
Il progetto CIRCULAR.BUILDINGS e co-finanziato dall'Unione europea nell'ambito del Programma Interreg VI-A Italia-Slovenia.
Projekt CIRCULAR.BUILDINGS sofinancira Evropska unija v okviru Programa Interreg VI-A Italija-Slovenija.

Circular.buildings Circular.buildings



iterreyg - S

Italia-Slovenija Evropska unija

Circular.Buildings

INNOVATION DATA COLLECTION SHEET

UNIVOCAL CODE Al_APP_016

NAME BuildingConnected

OBJECT ICT: Bid Mar'wag'em'ent Platform for Preconstruction
Workflow Optimization
LIFE CYCLE STAGE Preconstruction and Procurement

Autodesk, Inc.

PRODUCER OR ORIGINATOR

https://www.buildingconnected.com

San Rafael, CA, USA
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Figure 17:  Examples of app. screens: Bid Tracking Dashboard, Procurement Analytics Reports , Contractor
Selection Interface
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BuildingConnected is an Al-powered bid management platform designed to streamline
preconstruction workflows by optimizing contractor selection, bid tracking, and procurement
processes. It connects general contractors, subcontractors, and project owners, facilitating
efficient communication and competitive bidding. The platform enhances decision-making by
leveraging predictive analytics to assess contractor performance, bid competitiveness, and
procurement trends.

BuildingConnected is widely used by large construction firms for supplier engagement and bid
evaluation, ensuring transparency and efficiency in the early stages of project development.
However, while it excels in procurement management, it is less applicable for execution-phase
project management.

Relevance for circular buildings

BuildingConnected supports circular construction by improving procurement efficiency,
promoting sustainable contractor selection, and minimizing resource waste. Key contributions
include:
e Optimized Procurement for Sustainable Construction: Al-driven analytics identify
suppliers with eco-friendly practices and material offerings.
e Resource-Efficient Bid Tracking: Reduces inefficiencies in contractor selection, ensuring
responsible resource allocation.
o Lifecycle Cost Assessment in Procurement: Provides cost forecasting tools that consider
long-term sustainability impacts.
e Waste Reduction Through Smart Supplier Matching: Connects projects with contractors
who specialize in material reuse and low-impact construction methods.
e Data-Driven Decision Making for Circular Procurement: Al recommendations align
contractor selection with green building certifications and lifecycle sustainability goals.
e Transparent Supply Chain Management: Enhances accountability in procurement,
promoting ethical sourcing and responsible material usage.
By integrating sustainable procurement strategies, BuildingConnected ensures that

preconstruction planning aligns with circular economy principles and long-term resource
efficiency.

Innovation aspects

BuildingConnected leverages Al and data-driven automation to optimize bidding and contractor
selection. Key innovations include:
e Al-Powered Predictive Bidding Analytics: Assesses bid competitiveness based on
historical project data and market trends.
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Automated Contractor Matching & Risk Assessment: Al evaluates contractor reliability,
financial stability, and past performance.

Real-Time Bid Tracking & Forecasting: Provides insights into procurement timelines and
pricing fluctuations.

Smart Supplier Recommendations: Al suggests subcontractors based on experience,
specialization, and sustainability criteria.

Bid Qualification & Compliance Verification: Automates verification of certifications,
insurance, and regulatory compliance.

Data-Driven Preconstruction Cost Analysis: Uses Al to forecast cost overruns and
procurement risks.

Integration with Autodesk Construction Cloud: Ensures seamless transition from
preconstruction planning to project execution.

These Al-driven innovations enhance efficiency, reduce procurement risks, and support data-
informed preconstruction decision-making.

Technical information

BuildingConnected is a cloud-based bid management platform with key technical capabilities,
including:

Centralized Bid Tracking & Management: Enables real-time monitoring of bid progress.
Al-Enhanced Contractor Evaluation: Assesses historical performance and project
suitability.

Customizable Procurement Dashboards: Provides insights into bid analytics, supplier
engagement, and pricing trends.

Risk Scoring for Contractor Selection: Al models predict potential financial and
operational risks.

Automated Document & Compliance Checks: Verifies bid submissions for regulatory
adherence.

Secure Cloud Storage & Data Encryption: Protects sensitive procurement and bidding
data.

Multi-Platform Integration with ERP & BIM Systems: Ensures interoperability with
existing project management tools.

Automated Notifications & Communication Workflows: Streamlines collaboration
between general contractors and suppliers.

BuildingConnected's technical capabilities make it a valuable preconstruction tool for
optimizing bid management and supplier selection.
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Impact

Technical and environmental restrictions
Technical Limitations:

Limited Functionality for Project Execution: Focuses on preconstruction bidding rather
than full project lifecycle management.

High Data Dependency for Al Insights: Accuracy depends on access to contractor
performance data and bid history.

Training Requirements for Effective Use: Users need experience with procurement
workflows to fully utilize Al-driven analytics.

Environmental Constraints:

Cloud Computing Energy Consumption: Al-driven bidding analysis requires extensive
cloud processing power.

Supplier Data Availability & Transparency: Sustainable procurement relies on accurate
and verifiable supplier sustainability data.

Market Variability in Sustainable Construction Practices: Al-driven recommendations are
influenced by regional availability of circular construction contractors.

Al Methods

BuildingConnected integrates Al-powered data analytics to enhance procurement decision-
making and bid management. Key Al functionalities include:

Predictive Analytics for Bid Competitiveness: Al forecasts market trends and evaluates
bid viability based on historical data.

Machine Learning for Contractor Performance Assessment: Al identifies trends in
contractor reliability and risk factors.

Automated Supplier Recommendations: Al matches contractors to projects based on
expertise, compliance, and sustainability criteria.

Risk Modeling for Procurement Planning: Predicts potential cost overruns and
contractor delays before project initiation.

Al-Driven Market Benchmarking: Provides pricing comparisons based on region, project
scope, and historical procurement data.

Automated Compliance & Certification Tracking: Ensures regulatory adherence in
contractor selection processes.

These Al-driven capabilities optimize procurement workflows and improve transparency in bid
management for construction projects.
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Website review comment

BuildingConnected is a useful platform for bid management, enhancing contractor selection
and procurement efficiency. However, its focus on preconstruction workflows makes it less

relevant for full project execution, limiting its applicability beyond procurement and bid
tracking.
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NAME Raken

OBJECT ICT: Construction Field Management Platform for Daily
Reporting, Time Tracking, and Compliance

LIFE CYCLE STAGE Constr.uction, Workforce Management, and Safety
Compliance

Raken, Inc.

PRODUCER OR ORIGINATOR

https://www.rakenapp.com

USA - Developed for Construction Site Management and
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Figure 18:  Examples of app. screens: Daily Reporting Dashboard, Workforce Time Tracking, Safety
Compliance Logs
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Raken is a construction field management platform designed to simplify daily reporting,
workforce tracking, and compliance documentation. The platform enables contractors, field
managers, and safety inspectors to create structured daily logs, track employee hours, and
ensure compliance with industry regulations.

By utilizing data analytics, Raken streamlines reporting processes and improves record-keeping
accuracy. It enhances site documentation by allowing real-time input of progress reports, safety
observations, and workforce activity, making it a valuable tool for field-based construction
management. While it lacks advanced Al-driven automation features, its structured data
collection capabilities contribute to overall project efficiency.

Relevance for circular buildings

Raken supports circular construction principles by improving site efficiency, minimizing
paperwork, and enhancing workforce sustainability. Key contributions include:

e Paperless Documentation for Sustainability: Reduces reliance on printed reports,
minimizing paper waste and improving digital record-keeping.

e Efficient Workforce & Resource Management: Optimizes labor allocation and site
activities to prevent unnecessary resource expenditure.

e Automated Compliance Tracking for Sustainable Practices: Ensures adherence to
environmental and safety regulations.

o Digital Record-Keeping for Lifecycle Documentation: Maintains project data for future
audits, refurbishment, and adaptive reuse planning.

e Real-Time Data Capture for Waste Reduction: Helps identify inefficiencies in workforce
operations that may lead to resource overuse.

e Enhanced Jobsite Communication for Circular Construction: Streamlines coordination
between project teams to ensure sustainable site practices.

By integrating digital reporting and workforce optimization, Raken contributes to circular
construction by improving accountability, efficiency, and long-term project sustainability.
Innovation aspects

Raken leverages structured data analytics and process automation to enhance field reporting
and compliance management. Key innovations include:

e Automated Daily Reporting Workflows: Reduces manual data entry and improves
reporting accuracy.

e Time & Attendance Tracking with Digital Logs: Captures workforce activity in real time to
improve labor efficiency.
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Data-Driven Safety Compliance Checks: Ensures adherence to jobsite regulations
through structured reporting tools.

Mobile & Offline Functionality for Remote Sites: Enables field workers to submit reports
even in low-connectivity environments.

Photo & Video Documentation for Site Progress Tracking: Provides visual records to
supplement text-based logs.

Real-Time Collaboration with Project Stakeholders: Improves decision-making by
sharing workforce data with management teams.

Customizable Reports & Compliance Dashboards: Allows organizations to tailor
reporting structures to specific project needs.

While Raken does not feature advanced Al-driven automation, its structured approach to field
data collection significantly improves construction management workflows.

Technical information

Raken is a cloud-based construction management solution with core functionalities including:

Daily Reports & Time Cards: Enables structured logging of site activity and workforce
hours.

Safety & Compliance Monitoring: Tracks incidents, inspections, and jobsite conditions.
Mobile-Friendly Data Entry & Offline Syncing: Ensures seamless data collection in remote
locations.

Project-Specific Documentation Storage: Organizes reports, notes, and compliance
records in a digital archive.

Automated Notifications & Workflow Alerts: Keeps project managers informed of site
conditions in real time.

Photo, Video & File Attachments for Reports: Allows users to upload visual evidence of
site progress.

Custom Templates & Forms for Compliance Needs: Adapts reporting structures to
project-specific regulatory requirements.

APl & Integration Support: Connects with third-party construction software for
enhanced functionality.

Raken's capabilities make it a powerful tool for digitalizing field management, improving
efficiency, and ensuring regulatory compliance in construction projects.
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Impact

Technical and environmental restrictions
Technical Limitations:

Limited Al-Driven Automation Features: Focuses more on structured reporting than
predictive analytics or automation.

Reliance on User Input for Data Collection: Requires manual entry, which may introduce
human error.

Less Suitable for Large-Scale Project Execution: Primarily designed for field reporting
rather than full construction management.

Environmental Constraints:

Data Storage & Digital Infrastructure Needs: Continuous reporting requires cloud
storage and data management solutions.

Device Dependency for Field Use: Requires mobile or tablet access, which may not be
available in all field environments.

Energy Consumption for Cloud-Based Record-Keeping: Data syncing and storage
contribute to digital energy consumption.

Al Methods

Raken integrates Al-driven analytics to enhance compliance tracking and workforce reporting.
Key Al functionalities include:

Data Analytics for Workforce Efficiency: Analyzes labor productivity based on time-
tracking data.

Automated Compliance Reporting: Flags potential safety and regulatory issues based on
historical trends.

Structured Data Processing for Pattern Recognition: Al highlights inconsistencies or
inefficiencies in site documentation.

Smart Alerts for Project Managers: Uses predefined triggers to notify teams of
compliance risks or reporting delays.

Report Summarization & Trend Analysis: Extracts insights from daily logs to provide
performance overviews.

While Raken does not feature generative Al or predictive automation, its data analytics
capabilities improve decision-making and streamline compliance tracking.
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Raken is an efficient tool for field reporting and workforce tracking, offering structured
compliance documentation and digital record-keeping. While it excels in daily reporting and
jobsite management, it lacks advanced Al-driven decision-making features, making it less
robust for predictive analytics or full-scale project automation.
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OBJECT ICT: Construction Project Management and Client
Communication Tool for Small-to-Mid-Sized Firms

LIFE CYCLE STAGE Project Planning, Execution, and Client Management

CoConstruct, a Buildertrend Company

PRODUCER OR ORIGINATOR
https://www.coconstruct.com
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Figure 19:  Examples of app. screens: Project Scheduling Dashboard, Budgeting Interface, Client
Communication Portal

Il progetto CIRCULAR.BUILDINGS e co-finanziato dall'Unione europea nell'ambito del Programma Interreg VI-A Italia-Slovenia.
Projekt CIRCULAR.BUILDINGS sofinancira Evropska unija v okviru Programa Interreg VI-A Italija-Slovenija.

www.ita-slo.eu/circularbuildings

Circular.buildings o Circular.buildings


https://www.coconstruct.com/

iterrey o cees

Italia-Slovenija Rwvopeta e
Characteristics
Description

CoConstruct is a construction project management and client communication platform tailored
for small-to-mid-sized firms. The software provides tools for scheduling, budgeting, and bid
management, streamlining operations and improving collaboration between contractors and
clients.

The platform centralizes project workflows, allowing teams to track financials, document
changes, and maintain transparent communication throughout the project lifecycle. While it
automates administrative tasks and simplifies workflow management, CoConstruct lacks
advanced Al-driven automation and predictive analytics features seen in enterprise-level
construction management systems.

Relevance for circular buildings

CoConstruct supports circular construction practices by improving efficiency in project
planning, reducing material waste, and enhancing resource management. Key contributions
include:

e Optimized Scheduling to Minimize Downtime & Resource Waste: Ensures efficient
workforce deployment, reducing unnecessary energy and material usage.

e Budget Tracking & Cost Control for Sustainable Procurement: Helps manage finances
efficiently, promoting responsible material sourcing.

¢ Document Management for Long-Term Project Lifecycle Tracking: Maintains digital
records for future renovations, material reuse, and compliance audits.

¢ Bid Management & Supplier Coordination: Supports collaboration with eco-friendly
vendors and sustainable material suppliers.

e Reduction in Paper-Based Workflows: Digital client communication and documentation
decrease reliance on printed materials.

e Enhanced Client Communication for Sustainable Decision-Making: Provides
transparency in sustainable building choices and material selection.

e Integration with Circular Construction Practices: Facilitates planning for energy-efficient
designs and lifecycle-based project assessments.

While not specifically designed for circular construction, CoConstruct’s efficient workflow
management helps reduce waste and supports sustainable project execution.

Innovation aspects

CoConstruct integrates workflow automation and structured data management to improve
construction project execution. Key innovations include:
e Al-Driven Workflow Automation: Streamlines administrative tasks like invoicing,
scheduling, and task assignments.
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Integrated Client Communication Portal: Enhances transparency between builders and
clients, reducing miscommunication and project delays.

Real-Time Budget Tracking & Forecasting: Helps contractors maintain financial control
throughout the project.

Customizable Bid Management Tools: Allows contractors to manage proposals and
subcontractor selections efficiently.

Centralized Project Documentation: Stores critical information such as contracts,
material specifications, and change orders.

Mobile-Enabled Access for On-Site Project Tracking: Ensures real-time updates from the
field, reducing manual errors.

Cloud-Based Collaboration Across Project Teams: Enables remote access to project data,
facilitating better coordination.

By automating workflows and improving data organization, CoConstruct simplifies project
management for smaller firms, enhancing efficiency and reducing operational risks.

Technical information

CoConstruct is a cloud-based project management solution with core functionalities including:

Scheduling & Task Management: Al-enhanced automation for jobsite coordination.
Budgeting & Financial Tracking: Cost estimation and progress-based expenditure
monitoring.

Bid Management & Proposal Tracking: Streamlines contractor selection and negotiation
processes.

Client Communication & Document Sharing: Integrated messaging, file storage, and
real-time updates.

Change Order Management: Tracks maodifications in project scope and cost impacts.
Mobile App for Field Use: Allows on-site teams to update project information in real time.

Customizable Dashboards & Reports: Provides insights into project performance and
financial health.

API & Third-Party Integrations: Supports compatibility with accounting and procurement
tools.

CoConstruct's feature set is well-suited for small-to-mid-sized construction firms, providing
essential management tools without requiring extensive IT infrastructure.
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Impact

Technical and environmental restrictions
Technical Limitations:

Limited Al-Powered Predictive Analytics: Lacks advanced forecasting capabilities for risk
assessment and material optimization.

Not Optimized for Large-Scale Enterprise Use: Designed primarily for small-to-medium-
sized firms rather than complex megaprojects.

Customization Requirements for Circular Construction Needs: Requires manual
adaptation to align with sustainability-driven workflows.

Environmental Constraints:

Cloud Computing Energy Use: Continuous data synchronization contributes to digital
infrastructure energy consumption.

Limited Direct Integration with Circular Economy Standards: Does not natively support
lifecycle assessment or material reuse tracking.

Dependent on User Input for Sustainability Implementation: Sustainable practices must
be manually incorporated by project teams.

Al Methods

CoConstruct employs Al-driven workflow automation and data organization to enhance project
efficiency. Key Al functionalities include:

Automated Scheduling & Task Allocation: Al prioritizes job assignments based on project
progress.

Data-Driven Budget & Cost Forecasting: Al improves financial planning by analyzing
project expenditure patterns.

Automated Communication Logs & Client Notifications: Reduces manual messaging
efforts and improves transparency.

Smart Document Organization & Retrieval: Al categorizes project files for quick access
and efficient management.

Compliance Tracking for Regulatory Adherence: Ensures projects align with safety and
legal requirements.

While CoConstruct does not feature advanced generative Al or deep learning applications, its
automation tools enhance workflow efficiency for small-to-medium-sized construction firms.
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Website review comment

CoConstruct is well-suited for small construction firms, offering structured workflow
management, budgeting, and client communication tools. While it enhances efficiency and

project coordination, it lacks advanced Al features for large-scale predictive analytics and
enterprise-level automation.
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Figure 20:  Examples of app. screens: Parametric Modeling Interface, Project Documentation Dashboard,
BIM Coordination Tools
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Characteristics
Description

ARCHICAD is a leading Building Information Modeling (BIM) software tailored for architects and
engineers, providing robust tools for parametric modeling, design collaboration, and
construction documentation. It supports comprehensive 3D modeling, real-time visualization,
and data-driven workflow optimization, enabling users to create detailed building plans and
manage project data efficiently.

With its focus on architectural design, ARCHICAD enhances workflow coordination between
architects, engineers, and project stakeholders. The platform integrates BIM methodologies to
ensure accurate project documentation and better lifecycle management. While it lacks
advanced Al-driven automation, its parametric modeling capabilities streamline design
iteration and improve efficiency in the preconstruction phase.

Relevance for circular buildings

ARCHICAD supports circular construction principles by enabling efficient material use,
sustainable design strategies, and lifecycle documentation. Key contributions include:
e Parametric Design for Material Optimization: Allows architects to create resource-
efficient designs that minimize material waste.
e Lifecycle-Based Building Documentation: Ensures accurate digital records for future
renovation, repurposing, and deconstruction.
e BIM-Integrated Sustainability Analysis: Enables energy performance modeling and
material impact assessments.
e C(Clash Detection & Design Coordination: Reduces errors and material waste by
identifying conflicts early in the planning stage.
e Adaptive Design for Future-Proof Buildings: Supports modular construction methods
and flexible design adaptations.
e Enhanced Collaboration with Green Building Standards: Integrates with sustainability
frameworks such as LEED, BREEAM, and DGNB.
e Integration with Digital Twin Technologies: Facilitates long-term monitoring and
performance analysis of built structures.

ARCHICAD's data-driven design workflows contribute to circular economy principles by
promoting efficiency, sustainability, and long-term resource management.

Innovation aspects

ARCHICAD incorporates parametric modeling and BIM-driven automation to enhance
architectural workflows. Key innovations include:
e Al-Assisted Parametric Design Tools: Enables real-time design adjustments based on
predefined rules and constraints.
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Automated Project Documentation & Coordination: Streamlines the production of
technical drawings and compliance reports.

Smart Object Libraries for Material Selection: Provides predefined, customizable
building elements that optimize material efficiency.

BIM Collaboration & OpenBIM Standards Integration: Enhances interoperability with
other software solutions via IFC (Industry Foundation Classes).

Graphical Overrides & Model Visualization Tools: Allows users to analyze sustainability
metrics and optimize design elements.

Integrated Energy & Performance Simulation: Enables early-stage assessment of a
building's environmental impact.

Cloud-Based Collaboration with BIMcloud: Facilitates multi-user design workflows and
real-time data synchronization.

While ARCHICAD does not feature extensive Al-driven automation, its advanced parametric
modeling and BIM integration significantly enhance architectural project management and
efficiency.

Technical information

ARCHICAD is a BIM-based design platform with extensive modeling, documentation, and
workflow optimization capabilities, including:

%

Parametric 3D Modeling & Smart Components: Enables flexible design modifications
and material optimizations.

Automated Drawing & Documentation Generation: Produces construction-ready
documentation from BIM models.

BIM-Integrated Clash Detection & Coordination Tools: Reduces design conflicts and
improves construction efficiency.

Building Performance & Energy Simulation: Provides insights into thermal efficiency and
environmental impact.

Multi-User Collaboration & BIMcloud Support: Enhances coordination between
architects, engineers, and stakeholders.

APl & Scripting for Workflow Customization: Allows automation of repetitive tasks
through Python and Grasshopper scripting.

Integration with Structural & MEP (Mechanical, Electrical, Plumbing) Design Software:
Ensures seamless interoperability across disciplines.

3D Visualization & AR/VR Support: Enables immersive design presentations for clients
and project teams.
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ARCHICAD'’s combination of parametric design, BIM integration, and sustainability-focused
tools makes it a valuable asset for architectural firms focused on resource-efficient design and
documentation.

Impact

Technical and environmental restrictions
Technical Limitations:

Limited Al-Driven Automation for Site Execution: Primarily focused on design rather than
real-time construction monitoring.

High Learning Curve for Complex Parametric Modeling: Requires training for full
utilization of BIM and scripting tools.

Computational Demand for Large-Scale Projects: Advanced 3D modeling requires high-
performance computing hardware.

Environmental Constraints:

Cloud Computing Energy Consumption: Large-scale BIM collaboration contributes to
digital infrastructure emissions.

Data Storage for Long-Term Project Lifecycle Management: Requires structured data
management for effective long-term tracking.
Hardware Requirements & E-Waste Considerations: Regular software updates may
necessitate upgraded computing equipment.

Al Methods

ARCHICAD integrates Al-assisted parametric modeling and workflow optimization to enhance
architectural design. Key Al functionalities include:

%

Parametric Design for Automated Model Adjustments: Al-powered algorithms enable
flexible design modifications based on constraints.

Workflow Optimization for Project Coordination: Al-driven automation assists in
document generation and design consistency.

Material Impact Analysis for Sustainable Design: Al helps architects assess the
environmental effects of material choices.

Clash Detection & Issue Resolution Automation: Identifies design inconsistencies early
in the modeling process.

Performance-Based Generative Design: Supports early-stage decision-making based on
energy efficiency and sustainability criteria.

Graphical Overrides for Data Visualization: Uses Al-enhanced visualization tools to
highlight key sustainability metrics.
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While ARCHICAD does not offer extensive Al-driven automation for construction execution, its
Al-assisted parametric design and workflow enhancements improve efficiency in architectural
planning and BIM coordination.

Website review comment

ARCHICAD is a powerful tool for architectural design and documentation, offering robust
parametric modeling and BIM integration. It is highly suitable for architects but lacks significant
Al-driven automation for construction site workflows, making it more relevant for design-phase
applications rather than real-time execution management.
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