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Disclaimer 

This document reflects only the author's view. Responsibility for the information and views expressed therein lies entirely 
with the authors. The European Commission are not responsible for any use that may be made of the information it 
contains. 

 

5LDL9/hv¦!ww¸ ǇǊƻƧŜŎǘ ƛǎ Ŧǳƭƭȅ ŎƻƴŎŜǊƴŜŘ ŀōƻǳǘ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǎƻŎƛŀƭ Ǌƛǎƪǎ ǘƘŀǘ Ƴŀȅ ŀǊƛǎŜ ŀǎ ŀ ŎƻƴǎŜǉǳŜƴŎŜ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΩǎ 
activities. For this reason, a dedicated Work Package (WP7 - Mechanisms for social acceptance & interaction with 
policymakers) is active since the beginning of the project identifying, analyzing and monitoring social risks in each of the 
project sites. Main social risks have been already analyzed and classified in deliverables 7.1 and 7.2, including also potential 
risks of DIGIE/hv¦!ww¸ ǘŜŎƘƴƻƭƻƎƛŜǎΩ ŘŜǇƭƻȅƳŜƴǘ ōŜȅƻƴŘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΦ ¢ƘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ŀƴŘ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƻŦ 
social risks allow a close follow-up of the main potential negative impacts in society to avoid them throughout the whole 
project activities. Among potential social risks, the impact on the workforce is monitored with specific attention to ensure 
full adaptation of workers to new working technologies and processes and avoid job destruction. 

 

Withing the aim of WP4, it is important to consider the data collected from the workers to develop and validate advanced 
algorithms and models to optimize quarry processes and make them more sustainable. By taking into account the data 
collected, related to social risks and the quarry workers, we can develop more accurate and effective models that reflect 
the actual working conditions and ensure that the solutions implemented are adapted to their needs. 
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1 Executive Summary 

This document presents a general report of the KTA 4.1. άBIM Management and Connectionέ, which focuses on obtaining 
the information in real-time and modelling virtual digital twins of the quarries, by acquiring BIM models of the quarries 
through the IFC collaboration format, the standard and open BIM format. KTA 4.1 objective is for BIM technology to be 
applied in all quarry phases for advanced diagnostics, operations analysis, scheduling, and quarrying fleet management. 

The activities performed were developed to respond to Task 4.4. άBIM Integrationέ of Work Package 4 (WP4) 
ά5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀƴ ƛƴǘŜƎǊŀǘŜŘ Lƻ¢κ.Laκ!L ǇƭŀǘŦƻǊƳ ŦƻǊ ǎƳŀǊǘ ǉǳŀǊǊȅƛƴƎέΦ ¢ƘŜ ƳŜƴǘƛƻƴŜŘ ǘŀǎƪ ŀƛƳŜŘ to integrate BIM with 
managing and controlling operations, improving and automating reporting processes, and integrating data from the quarry 
site and the sensors in real time. Furthermore, it requested for the environment and the BIM models to be configured and 
connected to the data lake for information extraction and reporting. 

The activities shown within this document were performed from month 9 to month 30 ƻŦ ǘƘŜ ǇǊƻƧŜŎǘ άLƴƴƻǾŀǘƛǾŜ Digital 
Sustainable Aggregates Systemsέ, DigiEcoQuarry, and were applied to all 5 pilot sites. Its main objective is to highlight the 
capabilities and advantages of incorporating Building Information Modeling (BIM) strategies and expert systems in the 
mining and quarry sector, demonstrating the potential benefits of BIM implementation in enhancing operational efficiency 
and management practices within the sector. 

Therefore, the document (deliverable D4.5) will introduce BIM, and the objectives of BIM Implementation within the 
project, and will present a comprehensive report of the activities performed and the results obtained in each subtask and 
pilot site. 

The structure of this report reflects the Grant Agreement scheme for Task 4.4. and all its subtasks, considering that their 
implementation and results vary from site to site. The subtasks within T4.4 included: ST4.4.1 Model development and IFC 
conversion: (1) Revision of the BIM models, (2) conversion to IFC format to ensure compatibility and integration with the 
schedule of the projects; ST4.4.2 Development of 4D planning: (1) Centralisation of the schedules of the projects from 
other software, (2) Link the programme schedule with BIM Site and Model; ST4.4.3 Plan and estimate the haulage of the 
earthworks: (1) Extract information from model, (2) Time-location planning with diagrams to optimise activities and use of 
resources focussed on earth movements; ST4.4.4 Perform logical analysis of quarry activities and processes.  
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2 Introduction 

2.1 Building Information Modelling (BIM) 

The US National Building Information Model Standard Project Committee defines Building Information Modelling (BIM) as 
άa digital representation of physical and functional characteristics of a facility. A BIM is a shared knowledge resource for 
information about a facility forming a reliable basis for decisions during its life cycle; defined as existing from earliest 
conception to demolition.έ 1 

The ISO 19650-1:2018 (international standard for managing information over the whole life cycle of a built asset using 
Building Information Modelling) defines BIM as ǘƘŜ άǳse of a shared digital representation of a built asset to facilitate 
design, construction and operation processes to form a reliable basis for decisions.έ2 

In the realm of Architecture, Engineering, and Construction (AEC), BIM has gained significant traction over the past few 
decades. This innovative methodology has transformed how industry professionals design, construct, and manage 
buildings and infrastructure projects. BIM has evolved from the digital representation of building components in the 1970s 
to a comprehensive process that integrates various aspects of the construction life cycle. The core idea of BIM revolves 
around generating and managing digital representations of places' physical and functional characteristics. This includes not 
only the geometrical representation but also spatial relationships, light analysis, geographic information, and quantities 
and properties of building components. 

Building Information Modelling offers a range of key benefits to the Architecture, Engineering, and Construction (AEC) 
industry. Firstly, it fosters collaboration and communication among various stakeholders, leading to better decision-making 
and reduced errors. Secondly, BIM facilitates visualization and simulation, allowing stakeholders to identify and resolve 
potential issues before construction, thereby minimizing costly delays and rework. Moreover, BIM enables accurate cost 
estimation, reduces the likelihood of budget overruns, and promotes sustainable practices by analysing the environmental 
impact of buildings. Lastly, it provides comprehensive data for efficient facility management and maintenance, contributing 
to prolonged building lifespans and reduced operational costs.  

Due to its versatile applications and benefits, vastly proven in the Architecture, Engineering, and Construction (AEC) 
industry, BIM methodologies are increasingly being adopted in various other sectors like facility management and 
operations, manufacturing and industrial processes, energy and utility sector, and the oil and gas industry. The adoption 
of BIM across these diverse industries underscores its value in facilitating efficient project management, enhancing 
collaboration among stakeholders, and promoting sustainable practices throughout various stages of the project lifecycle. 

2.2 The use of BIM in the mining and quarrying sector 

While BIM has revolutionized the AEC industry, its widespread implementation faces challenges such as initial costs, 
resistance to change, and interoperability issues between different software platforms. However, continuous 
advancements in technology and increasing awareness about the benefits of BIM are gradually addressing these 
challenges. Looking ahead, the future of BIM appears promising, with the integration of artificial intelligence, machine 
learning, and the Internet of Things (IoT) expected to further enhance its capabilities. These advancements will likely 
streamline processes, improve efficiency, and foster innovation. 

However, the widespread implementation of BIM in the quarrying and mining ǎŜŎǘƻǊ ƘŀǎƴΩǘ ƻŎŎǳǊǊŜŘ ȅŜǘΦ ²ƘƛƭŜ ƛǘ has been 
used in several projects for mining and quarrying treatment plant construction processes, its adoption for quarry 
management throughout its lifecycle is an innovation within the sector. At the moment, the most used BIM technology 

 

1 British Standards Institution (2019) BS EN ISO 19650: Organisation and digitisation of information about buildings and civil engineering works, including 
building information modelling ς Information management using building information modelling, London: BSI 

2 "Frequently Asked Questions About the National BIM Standard-United States ς National BIM Standard ς United States". Nationalbimstandard.org. 
Archived from the original on 16 October 2014. Retrieved 17 October 2014. 
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associated with mining and quarries and currently being adopted by many industries is the concept of a Digital Twin, whose 
main objectives lie with Industry 4.0 vision in the sector. Industry 4.0, envisions the integration of digital technologies into 
various industries to create smart, connected, and efficient systems. In the context of the quarrying sector, Industry 4.0 
aims to transform traditional quarry operations into intelligent and data-driven processes.  

As stated in the MDPI article ΨTechnological and Intellectual Transition to Mining 4.0: A ReviewΩ, άMining 4.0 is associated 
ǿƛǘƘ ǘƘŜ ŘƛŦŦǳǎƛƻƴ ƻŦ ǎǳŎƘ άŜƴŘ-to-ŜƴŘέ ƛƴƴƻǾŀǘƛƻƴǎ ŀǎ ŘŜŜǇ ŘƛƎƛǘŀƭƛȊŀǘƛƻƴ ƻŦ ƳƛƴƛƴƎ όLƴǘŜǊƴŜǘ ƻŦ ¢ƘƛƴƎǎΣ 5ƛƎƛǘŀƭ ¢ǿƛƴǎΣ .ƛƎ 
Data and Cloud Computing, Smart Sensors, 3D visualization and design, Computational Fluid Dynamics, Blockchain and 
Neural Networks), robotization and expansion of unmanned and remotely controlled processes (Zhironkina O, 2023) 

Therefore, digital twins play a crucial role in achieving the vision of Industry 4.0 in the quarrying sector. A digital twin is a 
virtual representation of a physical object or system. In the context of quarrying, this could be a digital replica of the entire 
quarry, including its equipment, processes, and geological features. In summary, the vision of Industry 4.0 in the quarrying 
sector involves leveraging digital twins (comprehending BIM methodologies) and advanced technologies to create smarter, 
more efficient, and sustainable quarry operations.  

 

Figure 1. DigiEcoQuarry processes. 

In the context of the DigiEcoQuarry Project, BIM Integration acts as a horizontal study that may affect or be influenced by 
any of the 8 processes considered in a quarry lifecycle. In that sense, during the development of T4.4 BIM strategies, we 
were able to make use of the data produced by other partners to create value in the different stages shown in the above 
image. Therefore, this report delves into the benefits and the transformative impact of BIM implementation within this 
sector, highlighting its role in enhancing operational efficiency and ensuring optimal resource management. From the 
knowledge obtained in different sectors and by studying its similarities and differences with mining and quarrying, the 
premise for the project development is that BIM technologies could enhance operational efficiency, promote safety, and 
encourage sustainable practices. BIM would facilitate the creation of a comprehensive digital representation of the physical 
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and functional characteristics of a facility, integrating detailed information about geological formations, machinery, 
structural elements, and operational data in a single model.  

To display how BIM has been implemented and integrated into the DEQ project, it is important to explain BIM dimensions, 
which refer to the type of details and data that a BIM model should incorporate. In a nutshell, with technology evolving at 
a fast pace, BIM dimensions have extended to the following: 

Á 2D (X, Y): Represents traditional CAD drawings, focusing on length and width. 

Á 3D (X, Y, Z): Enables the creation of 3D models for better visualization and coordination. 

Á 4D (Time): Incorporates the element of time, aiding in scheduling and sequencing activities for efficient management. 

Á 5D (Cost): Integrates cost-related data, allowing for accurate cost forecasting and budgeting. 

Á 6D (Sustainability): provides analyses such as energy consumption and estimates. 

Á 7D (Life Cycle): Refers to facility management, and it specifies the asset data for future maintenance. 

Á 8D (Safety): Used to plan for safety during construction and operations. 

Á 9D (Lean Construction): Allows to optimize and streamline all steps in the construction phase of a project. 

Á 10D (Industrialized Processes): industrialize and make the construction sector more productive through the integration 

of physical, commercial and environmental data, among others. 

 

Figure 2. BIM Dimensions3 

For the DEQ project, our BIM Integration strategy focused mostly on 3 dimensions: 

Á 3D: 3D Models need to be developed to implement other dimensions into the project as a BIM strategy. 

Á 4D: 4D BIM Planning ǎǘǊŀǘŜƎƛŜǎ ŀǊŜ ǘƘŜ ōŀǎŜ ƻŦ 59vΩǎ .La LƴǘŜƎǊŀǘƛƻƴ ǇǊƻƧŜŎǘΣ ǎƘƻǿƛƴƎ ǘƘŜ ŎŀǇŀōƛƭƛǘƛŜǎ ƻŦ ŎƻƳōƛƴƛƴƎ 

BIM technologies with planning tools to provide the quarry with a more comprehensive and efficient planning tool. 

Á 7D: Quarry sites are very different from construction projects, as their construction or installation phase is very short, 

but the exploitation phase takes the most relevance, converting facility management into one of the main digitization 

opportunities for the quarry and mining industry.    

 

3 https://biblus.accasoftware.com/es/las-dimensiones-del-bim/ 
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3 BIM Models Development 

As a first and most important preliminary task for carrying on our work, it was imperative to have a quarry 3D model 
availabƭŜΦ CƻǊ ǎƻƳŜ ƻŦ ǘƘŜ Ǉƛƭƻǘ ǎƛǘŜǎΣ ǘƘƛǎ ǿŀǎƴΩǘ ǘƘŜ ŎŀǎŜΣ ǎƻ ǘƘŜǎŜ needed to be developed by APP before converting them 
to IFC for their use in the project. Therefore, our team successfully executed the creation of comprehensive 3D models for 
each pilot site. The generation of these models was intricately guided by the specific documentation procured for each 
site, ensuring a comprehensive representation of all quarry assets and in line with the unique characteristics of the 
individual locations. 

3.1 Gathering Project Information 

In the process of crafting the 3D models, our team based its work on a diverse array of materials. These encompassed 
crucial data sources, including: 

Á Drone flight images: All topographic models were meticulously constructed within real coordinates, thereby accurately 
reflecting the quarry's geographical positioning. This precision was achieved by integrating data derived from the drone 
flights generated by "WP1: Towards the Digital Innovative Quarry," ensuring an alignment with the overarching project 
objectives. IƻǿŜǾŜǊΣ ƛǘΩǎ ƛƳǇŜǊŀǘƛǾŜ ǘƻ ƴƻǘŜ ǘƘŀǘ using drone data for models intended for 4D BIM planning in quarrying 
and mining industries can present certain challenges since static drone data captures the site at a specific point in time. 
Any temporal changes to the quarry, such as excavation, stockpile movements, or changes in terrain due to mining 
activities, will not be reflected in the static model and should be updated with current data when needed. This will be 
explained more in detail in section 4.3. 

Á CAD plans: For some of the pilot sites we received DWG files containing accurate geometrical data (plans and 
elevations) of the treatment plant assets. These drawings were then used to construct three-dimensional geometry. 

Á Photographs from the quarry: Pictures of the treatment plant assets were available for all sites, and were used as 
support documentation to corroborate the assets' positioning and characteristics.  

Á 3D Models: For one of the pilot sites, it was possible to receive already modelled 3D elements of part of the treatment 
plant, which facilitated the model development works. These models had to be audited, simplified and converted into 
other formats to incorporate into the complete quarry model. 

Á Process Schemes: Pilot site teams shared their process scheme graphics which were necessary for the correct 
understanding and identification of all treatment plant assets. 

These inputs served as the foundational elements for the construction of the 3D models, facilitating a holistic 
understanding of the intricacies at each pilot site. 

 

3.2 Building 3D Model Geometry 

A combination of BIM standard software, predominantly Autodesk Revit, was employed in the development of these 
models, ensuring compatibility and adherence to established norms from similar industries in which BIM models have 
become a crucial aspect of projects (AEC). 

Even though several software were employed in the Model development process at different stages (topographic model, 
converting different formats, creating volumes from calculations, etc.), the final editable model file type selected was a 
Revit document, offering a convenient and adaptable platform for future modifications and iterations, thereby enhancing 
the long-term usability and sustainability of the project outputs. The resultant models were comprehensive, encompassing 
the entirety of treatment plant assets, terrain surfaces, and stockpiles, where applicable, thereby providing a clear 
representation of the site's features. 
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Figure 3. General BIM Models Development Process. 

 

3.3 Incorporating Assets Data 

As mentioned before, the process schemes were a crucial element for the 3D Models' final output. By identifying each of 
the assets in the treatment plant (for each pilot site), all its relevant information was added to the model elements (when 
available), ensuring a rich model that represented the quarry, not only geometrically, and that could be used in the future 
for other BIM strategies were data connections are imperative. 

 

Figure 4. Example of Process Schemes from pilot sites (Valdilecha). 
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3.4 BIM Standards: COBie and Level of Detail (LOD) 

The two main BIM concepts considered for model development goals were the LOD and the COBie exchange format. 

LOD, in the context of BIM, stands for Level of Development. It refers to a specification that defines the content and 
reliability of building model elements at different stages of the design and construction process. LOD is used to 
communicate the extent of detail and accuracy of information within a BIM model, helping project stakeholders 
understand what can be expected at each phase of the project. 

Since this is a concept born in the ACE industry, The American Institute of Architects (AIA) has developed a standard 
classification system for LOD that ranges from LOD 100 (conceptual design) to LOD 500 (as-built, as-constructed), with 
each level representing a specific degree of development and detail: (1) LOD 100 represents conceptual design, where the 
model elements are represented in a generic form with approximate quantities, size, shape, location, and orientation; (2) 
At LOD 200, the model elements are represented as generic systems or assemblies with approximate quantities, size, 
shape, location, and orientation. Non-graphic information may also be attached to the model elements; (3) The LOD 300 
level represents elements as specific assemblies that are accurate in terms of size, shape, location, quantity, and 
orientation. The elements are modelled with connections to other building systems, and the information may include 
specific non-geometric data; (4) At LOD 400, the model elements are detailed and precise, with precise assemblies, 
accurate quantity, size, shape, location, and orientation. It includes information on fabrication, assembly, and detailed 
information; and finally, LOD 500 which represents the actual as-built conditions, where the model elements represent 
what has been constructed. It includes detailed information necessary for facility management and operations. 

The LOD specification helps ensure that all stakeholders have a clear understanding of the data quality and reliability within 
a BIM model. After some considerations were taken regarding the available data on each pilot site, the level of 
development integrated into the models ensures a minimum level of LOD200 with the specificity and comprehensiveness 
of the received information.  

COBie, which stands for Construction Operations Building Information Exchange, is a non-proprietary data format for the 
publication of a subset of building information models (BIM) focused on delivering asset data as distinct from geometric 
information. It is typically used in the context of BIM projects for the efficient exchange and sharing of information related 
to facility management and operation. COBie serves as a standard format for the exchange of information during the 
different stages of a project, facilitating the transfer of important data between different phases and the ongoing operation 
and maintenance of a facility. It ensures that the information is structured and organized in a way that is easily accessible 
and usable by facility managers, owners, and other stakeholders over the entire life cycle of the building. 

As a final step for the model development process, we wanted to ensure that model data was also accessible for 
stakeholders who needed access to the model data and not its geometry, which is why we extracted a respective COBie 
file for each of the pilot site models.  

 

 

Figure 5. COBie File Example. Valdilecha. 



 

D4.5 BIM - Planning 4D for all the pilots 

Dissemination level: PU 

 

 

GA # 101003750 30 November 2023 Page 15 of 76   

DEQ_D4.5_APP_V0.4_20231130 

3.5 Pilot Sites 

3.5.1 CEMEX Valdilecha 

For the Valdilecha quarry, we built the treatment plant 3D model based on drone flight images, a CAD file containing top-
view drawings, general photos from the quarry, and the graphic process scheme to identify each element. Therefore, the 
3D Model contains general geometry for all visible treatment plant assets, including conveyor belts. Furthermore, we 
received a list of the mobile machinery in use, so representative elements were added to the model as well. The overall 
model was developed in Autodesk Revit and it combines the treatment plant assets, the mobile machinery involved in the 
ǇǊƻŎŜǎǎŜǎΣ ŀƴŘ ǘƘŜ ŎǳǊǊŜƴǘ ǘƻǇƻƎǊŀǇƘȅ όƭŀǎǘ ǳǇŘŀǘŜ ŦǊƻƳ ²tм ŘǊƻƴŜ ŦƭƛƎƘǘΩǎ ŘŀǘŀύΦ 

 

 

Figure 6. Valdilecha Treatment Plant and Mobile Machinery 3D Model. 

 

Figure 7. Valdilecha Topographic 3D Model. 
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3.5.2 HOLCIM. Pioltello San Bovio 

Similarly, for the Pioltello San Bovio quarry, we built the treatment plant 3D model based on drone flight images, general 
photos from the quarry, and the graphic process scheme to identify each element. Detailed or general drawings of the 
treatment plant assets were not available; hence, the 3D Model contains general geometry for all visible treatment plant 
assets, without detailed elements or connections. The pilot site also shared an identification list for all conveyor belts and 
some treatment plant assets, which was used to corroborate information from the visually available data and the process 
scheme. The overall model was developed in Autodesk Revit and it combines the treatment plant assets and the current 
ǘƻǇƻƎǊŀǇƘȅ όƭŀǎǘ ǳǇŘŀǘŜ ŦǊƻƳ ²tм ŘǊƻƴŜ ŦƭƛƎƘǘΩǎ ŘŀǘŀύΦ 

 

 

Figure 8. Pioltello San Bovio Treatment Plant 3D Model. 

 

Figure 9. Pioltello San Bovio Topographic 3D Model. 
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3.5.3 CIMPOR. Agrepor - Alenquer 

In contrast with the two previous sites, for the Agrepor-Alenquer quarry, detailed drawings of treatment plant assets were 
available, which made it possible to build a more accurate 3D model of it. Additionally, we also made use of drone flight 
images, general photos from the quarry, and the graphic process scheme to identify each element, as we did for every 
pilot site. Once again, the overall model was developed in Autodesk Revit and it combines the treatment plant assets and 
ǘƘŜ ŎǳǊǊŜƴǘ ǘƻǇƻƎǊŀǇƘȅ όƭŀǎǘ ǳǇŘŀǘŜ ŦǊƻƳ ²tм ŘǊƻƴŜ ŦƭƛƎƘǘΩǎ ŘŀǘŀύΦ 

 

 

Figure 10. Agrepor-Alenquer Treatment Plant 3D Model. 

 

Figure 11. Agrepor-Alenquer Topographic 3D Model. 
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3.5.4 VICAT. Fenouillet 

The starting point for developing 3D Models for the Fenouillet recycling plant was inherently different and without a doubt 
the most advantageous. In Fenouillet, there was an older, fully functioning treatment plant, and a new washing plant was 
ƛƴǎǘŀƭƭŜŘ ƴƻǘ ǎƻ ƭƻƴƎ ŀƎƻ ŀǎ ǿŜƭƭ ǘƻ Ŧƛƭƭ ƛƴ ŦƻǊ ǘƘŜ ǿŀǎƘƛƴƎ ǘŀǎƪǎ ǘƘŜ ƻƭŘŜǊ Ǉƭŀƴǘ ǿŀǎƴΩǘ able to fulfil anymore.  

For the original treatment plant, the modelling process was very similar to the one from Pioltello San Bovio: we built the 
treatment plant 3D model based on drone flight images, general photos from the recycling plant, and the graphic process 
scheme to identify each element (detailed or general drawings of the treatment plant assets were not available either).  

For the new washing machine plant, they were able to share already existing 3D Models of all assets, which made the 
process much faster. The models were received as SLDPRT files (Solidworks Parts Models) and were converted one be 
ensembled in Revit. Once the new washing plant was ensembled and the old one was modelled, they were both combined 
in Autodesk Revit together with tƘŜ ŎǳǊǊŜƴǘ ǘƻǇƻƎǊŀǇƘȅ όƭŀǎǘ ǳǇŘŀǘŜ ŦǊƻƳ ²tм ŘǊƻƴŜ ŦƭƛƎƘǘΩǎ ŘŀǘŀύΦ Because of the type of 
work that was to be developed, all the present stockpiles were also individually modelled and colour-coded. 

 

Figure 12. Fenouillet Treatment Plant 3D Model. 

 

Figure 13. Fenouillet Topographic 3D Model with Stockpiles. 
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3.5.5 CSI. Mammendorf 

Regarding the Mammendorf quarry, we were able to create the topographic model based on the drone flight 
documentation from WP1. As for the rest of the sites, the model was created in Autodesk Revit and then converted to an 
IFC file.  

 

Figure 14. Mammendorf Treatment Plant 3D Model. 

 

 

Figure 15. Mammendorf Topographic 3D Model. 



 

D4.5 BIM - Planning 4D for all the pilots 

Dissemination level: PU 

 

 

GA # 101003750 30 November 2023 Page 20 of 76   

DEQ_D4.5_APP_V0.4_20231130 

3.6 BIM Models IFC Conversion 

In the realm of construction and design, and, as Building SMART International defines it, an IFC file, or Industry Foundation 
Classes file, is άa standardized, digital description of the built environment, including buildings and civil infrastructure. It is 
an open, international standard (ISO 16739-1:2018), meant to be vendor-neutral, or agnostic, and usable across a wide 
range of hardware devices, software platforms, and interfaces for many different use cases.έ4 

The fundamental purpose of an IFC file lies in its ability to facilitate seamless interoperability and data exchange between 
various software applications, enabling effective collaboration and coordination among different stakeholders involved in 
the lifecycle of a project or facility. This standardized format serves as a bridge between disparate software systems, 
ensuring that critical information about the facility's components, structure, and other relevant attributes can be accurately 
communicated and shared. 

The Industry Foundation Classes (IFC) is more than just a data format; it represents an open standard for the exchange of 
building information models (BIM) in the architecture, engineering, and construction (AEC) industry. IFC is developed and 
maintained by buildingSMART International, a non-profit organization that aims to improve the exchange of information 
between software applications used in the construction and facility management industries. In essence, IFC provides a 
common language for different software tools to communicate and share information seamlessly. This interoperability is 
crucial in the AEC industry, where various specialized software applications are used for different aspects of the building 
process.  

The use of IFC helps facilitate collaboration, reduce data loss or errors during data exchange, and support the development 
of integrated workflows within the industry, which is why the importance of IFC lies in its openness as a standard. Being an 
open standard, the use of IFC reduces dependency on specific software vendors and allows users to choose the best tools 
for their needs. As software and technologies evolve, having a standardized data format also ensures that information 
remains accessible, which is why the use of a standard like IFC also helps preserve data over the long term. 

In the mining and quarrying sector, particularly within the context of quarry operations, IFC files could play a critical role in 
facilitating the seamless exchange of data between the components of the facility model and the planning and control 
software utilized. In the context of our project, the IFC files were derived from the original editable Revit files. By 
incorporating IFC files into our workflow, we were able to ensure efficient integration between the software applications 
involved in the planning and management of quarry operations proposed along the project.  

In the context of exporting Industry Foundation Classes (IFC) files, there are several possibilities and options available, each 
tailored to specific requirements and use cases. These options include IFC 2x3, IFC 4, and IFC XML. The key differences 
between these export possibilities lie in their data structures, capabilities, and the level of detail they can represent. While 
IFC 2x3 serves as a widely supported industry standard with established use, IFC 4 offers enhanced capabilities for 
representing complex building information. IFC XML, on the other hand, presents the data in a more human-readable 
format, which can be advantageous for certain analytical tasks. 

Based on the specific requirements of the project, the level of detail needed, and the compatibility with the target software 
applications (acknowledging that none of these were built specifically for the mining and quarrying sector), it was 
concluded that the most appropriate export option for the project was IFC 4. Therefore, all pilot site models created were 
exported from Autodesk Revit 2024 to IFC 4 format files for their future use.  

 

 

4 Building SMART International: https://technical.buildingsmart.org/standards/ifc/ 
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Figure 16. Example of data structures within IFC files (Valdilecha). 
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4 4D BIM Planning & Time-Location Planning 

In contemporary construction and project management, the synchronization of 3D models with project schedules has been 
crucial, redefining the efficiency and precision of project execution. This seamless integration of visual representations and 
temporal scheduling not only optimizes resource allocation but also mitigates potential spatial conflicts and delays. The 
main objective of testing 4D BIM Planning in the mining and quarrying sector, in the context of DEQ, was to validate the 
efficacy and applicability of this approach within this industry.  

Therefore, the 4D BIM Planning process was replicated in each pilot site, considering their own specific needs and 
particularities. Nevertheless, the process necessarily involves at least two main steps: the centralisation of the schedules, 
and the BIM Models asset association with the schedule (links).  

The final output of a 4D BIM Plan is a comprehensive and dynamic project management tool that integrates 3D 
visualizations with time-related data, enabling stakeholders to visualize the operational process over time. However, it is 
important to note that the term "final" is always subjective in the operations management context. While the 4D BIM plan 
represents a sophisticated and detailed visualization of the asset's timeline at a particular stage, it remains subject to 
updates and modifications as the site evolves. As new information becomes available and adjustments are made to the 
site, the 4D BIM plan may undergo revisions and updates to reflect the latest developments accurately. Hence, while the 
4D BIM plan provides a representation of the quarry lifecycle, it is essential to acknowledge its iterative nature, emphasizing 
the need for ongoing updates and refinements to align with the evolving site requirements and objectives. 

4.1 Work Programme Development 

One of the main objectives of our project scopes aimed to streamline project schedules from different software into one 
centralized system. However, in industries or environments like the quarrying sector, where change occurs at a slower 
pace and predictability is higher, planning and scheduling are often more straightforward and follow more stable patterns. 
This stability allows for longer-term forecasting and relatively static project management strategies. In these contexts, the 
focus is often on optimizing existing processes and maintaining steady production levels, rather than responding to rapid 
or unpredictable changes, as commonly encountered in dynamic industries or environments. 

For this reason, we faced a challenge initially as the pilot sites didn't have proper project schedules with detailed activities 
and timeframes. The only available information, in some cases, was a monthly or annual production goal sheet. To tackle 
this issue, we gathered information from various sources and crafted schedules tailored to the unique demands of each 
site. This involved thorough research and leveraging data from open sources, along with some insights gathered directly 
from the pilot sites.  

For the centralization of the schedules, we utilized Asta Powerproject, as it stands as an advanced planning software 
designed to assist with project planning, scheduling, and resource management. One of the key factors that led us to 
choose this particular tool for this project was its robust Building Information Modelling (BIM) module, which offers 
numerous benefits, such as enhanced visualization, improved coordination, and increased efficiency throughout the 
project or facility lifecycle. By leveraging its BIM capabilities, we were able to gain comprehensive understanding of the 
spatial relationships and logistical complexities within the pilot sites, facilitating a better-centralised scheduling system.  

Moreover, it was important to select a tool that allows for detailed planning, considering specific constraints and 
contingencies, as well as resource management capabilities that help in optimizing the utilization of crucial resources such 
as mobile machinery, thereby enhancing overall optimization possibilities for operational efficiency. The software provides 
the possibility of real-time tracking, customized reporting systems and several 4D visualization tools. The use of the 
different tools within the selected software varies depending on each pilot site's conditions and requirements, so not all 
Ǉƛƭƻǘ ǎƛǘŜΩǎ п5 .La tlanning tools were equally approached or detailed. 
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4.2 Available Data from 3D BIM Models 

As mentioned before, the Industry Foundation Classes (IFC) file format is often used to represent the 3D model data in a 
standardized way. Therefore, this is the 3D Model format used for the 4D BIM Planning process, linking the work 
programme with the 3D Model. Nowadays, the 3D Model plays a key role in the planning process, contributing to it with 
relevant data that would be much harder to obtain otherwise. Here are some key types of data that can be extracted from 
an IFC model for 4D planning: 

¶ Geometric Information:  The 3D geometry of all assets that compose a facility can be extracted from the IFC 
model. This information is crucial for visualizing the physical structure of the building. 

¶ Product and Assembly Information: Details about individual building components such as material, dimensions, 
and other attributes can be extracted. This information is important for understanding the properties and 
characteristics of each element in the project. 

¶ Time-Based Information: IFC models can store information related to the scheduling of construction activities. 
This includes the start and end dates of tasks, dependencies between tasks, and other scheduling parameters. 
This data is fundamental for 4D planning, where the temporal aspect of the project is integrated with the 3D 
model. 

¶ Resource Information: Some IFC models may include information about the resources (human, equipment, or 
material) required for each activity. This can be used to optimize resource allocation and simulate the impact of 
resource availability on the construction schedule. 

¶ Phasing and Sequencing: The IFC model can include information about different construction phases or stages. 
This is essential for aligning the 3D model with the project timeline and understanding how the construction 
evolves over time. 

¶ Visualization Data: While not directly related to 4D planning, the 3D geometry in the IFC model is crucial for 
creating visualizations that aid in understanding the project in a spatial context. 

In the context of DEQ, all the planning information was incorporated directly to the schedule (as explained in the previous 
section) to provide flexibility during the process. Therefore, the most relevant information gathered from the 3D models 
to feed the 4D BIM Plan was the geometric information, especially the one that referred to mass volumes and mass 
locations for material extraction calculations (the process will be explained in detail in the following chapters). Data 
Visualization also comprehends a crucial part of the process as it helps understand the space management in a project, 
providing a very manageable and understandable tool for comprehensive decision-making. 

 

4.3 Integrate Work Programme with BIM Models 

For linking 3D models to a schedule, the most important factor for ensuring a seamless integration process is having 
adequate IFC models in correct coordinate systems for accurate spatial alignment. For some of the sites, several models 
were created depending on the project needs (treatment plant, roads, exploitation volumes), and it was crucial to ensure 
all of them were able to align using the same coordinate system. 

The second requirement before the linking process is to make sure the model contains distinct and identifiable assets for 
each element intended for linkage. By having separate assets for each element, the linking process becomes more granular, 
allowing for precise association between the specific components in the 3D model and their corresponding activities or 
tasks in the schedule. This granularity is crucial for facilitating detailed resource allocation, and accurate visualization. 

Lastly, using models with correct data structures is imperative for ensuring data consistency and integrity throughout the 
linking process. Correct data structures in the 3D models enable the seamless extraction and synchronization of relevant 
information with the corresponding elements in the project schedule. A well-defined data structure facilitates streamlined 
data mapping, enhancing the accuracy of information transfer between the 3D models and the schedule. Moreover, 
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correct data structures facilitate the automation of repetitive tasks during the linking process, enabling the user to link 
model objects and schedule activities by using data patterns. 

By incorporating 3D models into project schedules, stakeholders gain a comprehensive understanding of the project's 
physical aspects, enabling them to visualize the project's development and pinpoint potential clashes before they escalate 
into critical issues. In an aggregate quarry site, the physical aspects involved are the treatment plant assets, the mobile 
machinery (when involved), and the extraction material throughout the quarry exploitation. Depending on the type of 
schedule implemented, treatment plant assets were linked to activities that involved their active use, or simply their 
installation in the quarry site, while the raw material is always linked with activities related to material extraction along the 
exploitation period.  

On the contrary, even when the mobile machinery could have been included as 3D elements and linked to the schedule, it 
was decided to use them as resources. As a general rule, for BIM activities, 3D Models should be developed and detailed 
only up to the point where they can bring value to a project, avoiding heavy documents and unnecessary data. Therefore, 
even though mobile machinery data was available and could be represented in 3D models, it was decided that efficiency 
and 4D BIM Planning fileΩǎ ǳǎŀōƛƭƛǘȅ had to be prioritised, so mobile machinery data was put to better use as project 
resources, taking advantage of all its related data for mass haulage and programme calculations. This process will be 
developed more in detail in the corresponding pilot site. 

 

Figure 17. Work Programme and 3D BIM Models Integration. 

 

4.4 Available Data from 4D BIM Planning 

A 4D BIM Plan, which integrates 3D models with scheduling data, serves as a comprehensive and dynamic project 
management tool, offering a wealth of critical information that is pertinent to efficient and effective operational 
management. Based on the available information and the developed schedules and models, some of the key information 
that can be extracted from the 4D BIM Planning tools includes: 

Á Spatial and Temporal Visualization of Quarry Operations: The 4D plan enables the visualization of the spatial layout of 
the quarry site in conjunction with the temporal progression of mining operations. This facilitates a comprehensive 
understanding of the excavation and material extraction processes, allowing stakeholders to visualize the movement 
of equipment, mining activities, and the evolution of the quarry's landscape over time. Such visualization aids in 
identifying potential bottlenecks, optimizing resource allocation, and ensuring adherence to predefined project 
milestones. 
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Á Equipment and Resource Allocation Monitoring: Through the 4D plan, information about the allocation and utilization 
of equipment and resources can be extracted, thereby facilitating the monitoring of resource efficiency and 
productivity. Extracted data on resource utilization assists in identifying areas for potential optimization, ensuring the 
streamlined operation of the quarry and maximizing the output of the mining activities. 

Á Project Progress Tracking and Schedule Adherence Assessment: Through the 4D plan, stakeholders can extract 
information about project progress tracking and the assessment of adherence to the predefined project schedule. This 
includes the visualization of completed mining phases, ongoing operations, and any deviations from the planned 
schedule. Extracted data on project progress aids in identifying potential schedule delays, facilitating timely 
intervention, and ensuring the timely completion of the quarry exploitation project within the stipulated timeframe. 

 

 

Figure 18. 4D BIM Planning Data. 

The information extracted from the 4D BIM Plan can be obtained in various formats, enabling its effective utilization and 
analysis by the stakeholders involved. Based on the nature of the project, the two output formats utilized to extract 
information from the 4D BIM Planning for each site are:  

Á Graphical Formats (Images and Videos): Information from the 4D plan can be extracted in the form of images and 
videos, providing stakeholders with a visual representation of the quarry site's spatial layout and the progression of 
operations over time. The video format provides a continued simulation of the site progress, while the images can be 
ŜȄǘǊŀŎǘŜŘ ŀǎ ŀ άCƭƛǇōƻƻƪέ ǘƘŀǘ ǇǊƻǾƛŘŜǎ ǘƘŜ ŜȄŀŎǘ ǎǘŀǘǳǎ ƻŦ ǘƘŜ ǉǳŀǊǊȅ ŀǘ ŀ ŘŜǘŜǊƳƛƴŜŘ ƳƻƳŜƴǘ ƛƴ ǘƛƳŜΦ  

Á Spreadsheet Formats (CSV, Excel): Data related to equipment and resource allocation, material extraction rates, project 
progress tracking, and adherence to schedules can be extracted in spreadsheet formats such as CSV (Comma-Separated 
Values) or Excel. These formats facilitate the organization and tabulation of quantitative data, allowing stakeholders to 
perform in-depth analyses, generate statistical reports, and conduct trend analyses for informed decision-making and 
strategic planning. 

As mentioned, the 4D BIM Planning was developed using Asta Powerproject BIM, so all the extracted information was 
obtained using the software database and visual capabilities. Each of the sites has a different scope of work, so detailed 
information on the extracted data will be available in their respective sections. 
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4.5 Pilot Sites 

The table below shows a summary of the works performed in each of the pilot sites regarding the 4D BIM Planning 
development. The table will be followed by detailed descriptions of these works and the results obtained.  

Table 1. 4D BIM Planning Scope of Works. 

Pilot Site 4D BIM 
Planning 

SoW 

Schedule 
Development 

3D Model 
Development 

Resource 
Allocation 

BIM 
Simulation 

Progress 
Control 

Mass 
Haulage 

Valdilecha Long-term 
plan 

Documentation 
Phase 

Exploitation 
Phase 

Restoration 
Phase 

a a a a a 

Pioltello San 
Bovio 

Long-term 
plan 

Documentation 
Phase 

Exploitation 
Phase 

a  a   

Agrepor - 
Alenquer 

Long-term 
plan 

Documentation 
Phase 

Exploitation 
Phase 

Restoration 
Phase 

a a a  a 

Fenouillet Maintenance 
plan 

Treatment Plant 
Rounds 

Preventive 
Maintenance 

a   a  

Mammendorf Long-term 
plan 

- a     
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4.5.1 CEMEX. Valdilecha 

Our team began the project by engaging in discussions with Valdilecha's team to establish the scope of our work. It was 
determined that the initial approach, focused on short-term detailed planning for material exploitation and mass haulage, 
was not particularly beneficial. This conclusion was drawn based on the understanding that the quarrying and mining 
industries typically do not heavily rely on detailed planning, as elaborated in the previous section of this report. 

Consequently, our emphasis shifted to long-term planning, aimed at showcasing the entire lifecycle of the quarry for official 
requirements, such as seeking permissions, studying the overall approach for quarry exploitation, and the use of the land. 
Given the absence of an existing schedule, we took the initiative to develop one based on the available documentation, 
extensive research, and our understanding of the quarrying and mining sector. 

4.5.1.1 Work Programme Development 

The schedule developed encompasses various critical phases, including the documentation phase, the exploitation or 
extraction phase, and the rehabilitation phase. Due to the limitations posed by the available information, the plan was 
crafted retrospectively, illustrating the progression of the quarry up to the current day. This retrospective approach was 
adopted to demonstrate the capabilities and advantages of the system, and we incorporated a restoration phase based on 
the insights received from Valdilecha and our exhaustive research efforts. 

 

Figure 19. Valdilecha: Works Programme (Long-term). 
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As the project progressed, we divided the quarry into distinct areas that corresponded to the extraction zones identified. 
These delineated areas were instrumental in formulating the schedule, aiding us in effectively organizing our tasks and 
activities. To extract useful information from these areas, we produced volume models for each. These volumetric models 
played a critical role in our calculations, enabling us to determine the total volume of materials to be extracted during the 
performance of each of the activities, providing us also with a clear understanding of the specific volumes associated with 
each area or activity as required, and the resources needed to exploit them. 5

 

Figure 20. Valdilecha: Quarry Material 3D Model by Areas 

 

In addition, we gathered and included pertinent information about the mobile machinery employed at the quarry 
(information obtained from the WP3 partner's data output). Of particular significance was the average volume capacity of 
each, for which we relied on the machinery specifications from manufacturers, mindful of the potential variability 
depending on the loaded material.  

 

5 The drone flight data gathered from WP1 and used for these calculations is an aftermath of the quarry extraction process, a static picture of the quarry 
status in a given moment. And, since the 4D Planning main goal is to plan the future extraction process, it is important to note, that in order to recreate 
this process with complete reliability, the planning team should work in close collaboration with geologists to understand the quarry details and 
calculations, so that the volumetric models will be accurate and the schedule will be trustworthy. Furthermore, the limitations associated with static drone 
data in the context of 4D BIM planning (and even digital twins) for the quarrying sector necessitate a cautious approach to its utilization. One of the primary 
challenges lies in the static nature of the data captures, which only represent the quarry at a specific moment in time. Temporal changes, a critical 
component of the fourth dimension in 4D BIM, are inadequately addressed by static models. The dynamic nature of quarry operations amplifies this 
concern. Quarry sites are characterized by ongoing activities, including excavations, stockpile movements, and alterations in terrain due to continuous 
mining operations. The inherent dynamism of these environments requires a modelling approach that can adapt and reflect real-time changes. Therefore, 
it is imperative to recognize the importance of performing constant drone flight captures if the intention is to use its extracted data for dynamic purposes. 
The shorter the interval between data capture and model utilization, the smaller the likelihood of inaccuracies. Given the rapid pace at which operational 
conditions can change in quarrying and mining, using static drone data without regular updates introduces the potential for miscalculations and 
misjudgements in the planning and simulation stages. A cautious and adaptive approach is paramount for harnessing the full potential of 4D BIM in the 
ever-evolving landscape of quarrying and mining projects. This is a cautionary note that does not, in any case, imply that the volumetric models from the 
ŘǊƻƴŜ ŦƭƛƎƘǘ Řŀǘŀ ŀǊŜƴΩǘ ŀŎŎǳǊŀǘŜ ƻǊ ǘǊǳǎǘǿƻǊǘƘȅΣ but on the contrary, it is the most accurate data that could be used. The distinction is made to highlight 
the fact that this kind of data was used because the 4D BIM Planning was developed (for Cemex and Cimpor) in retrospective, so this represented the 
available data that could help demonstrate the 4D BIM Planning capabilities and benefits in the absence of detailed geological data or regular updates of 
the drone flight captures. 
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Subsequently, we proceeded to assign the identified machinery to the distinct extraction activities, which were also 
associated with the previously extracted volumes from the IFC models. Therefore, each activity had a specific volume of 
material to be extracted (in cubic meters), and the work rate at which it could be extracted depending on the associated 
machinery (cubic meters/hour). However, in mining operations, the volume data in m3 is usually only used to measure 
material quantities still on the ground, and the standard procedure to measure production after blasting is the weight. 
Hence, the standard unit of mass commonly used to measure the production of aggregates (in the metric system) is the 
metric ton (tonne), so it was important to reflect the task work in those units. Therefore, knowing that the type of rock 
present at Valdilecha corresponds to limestone, we applied a simple conversion from cubic meters to tons. The density of 
limestone can vary, but a commonly used value is around 2.7 grams per cubic centimetre (g/cm³) or 2,700 kilograms per 
cubic meter (kg/m³), so we used 2.7 as our work from task factor (having the task work represented in m3 and the 
corresponding work in tonnes). 

From this point, leveraging the work rate of each machine and the total task work associated with each exploitation area, 
we successfully computed the durations for each activity, thereby establishing a more accurate timeline for the project's 
execution. 

 

Figure 21. Valdilecha: Resource Allocation Example by Activity and Calculated Duration. 
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4.5.1.2 Work Programme BIM Simulation 

With regards to Building Information Modeling (BIM), both BIM models that were generated were seamlessly integrated 
into the main file and precisely aligned based on their respective coordinates. Moreover, we incorporated a Roads model, 
and surface models of the various quarry zones, alongside the several already mentioned volumes models, ensuring a 
comprehensive representation of the entire site. To facilitate the creation of the 4D BIM Simulation, we seamlessly 
integrated all the models generated specifically for this purpose into the system, ensuring they were aligned within the 
same coordinate system with the topographic and treatment plant models. 

Each model element was meticulously classified and linked to its respective activities, ensuring a cohesive representation 
of the entire quarry lifecycle. This comprehensive linking process entailed connecting volumes with their corresponding 
exploitation activities, aligning treatment plant assets with their respective installations, and incorporating surface models 
to depict the evolving terrain situation at various stages. This meticulous classification and linkage process significantly 
enhanced the comprehensiveness of our 4D BIM Simulation. 

 

Figure 22. Valdilecha: BIM Model Properties. 

 

Figure 23. Valdilecha: IFC Elements linked to Programme Activities. 
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Upon completion of the linking process, we incorporated specific visual settings into both the Gantt Chart and the models, 
which were instrumental in enhancing the overall visualization of the simulation, enabling a more intuitive understanding 
of the quarry's lifecycle process from inception to completion, as per our prior calculations. The culmination of these efforts 
resulted in the successful generation of a comprehensive 4D BIM Simulation that represented the original Work 
Programme. 

 

Figure 24. Valdilecha: 4D BIM Simulation Flipbook Summary. 

4.5.1.3 Work Programme Progress Control 

To facilitate a comprehensive progress-tracking mechanism, we initiated a simulation process that not only facilitates a 
more profound understanding of the progress dynamics within the quarry but also helps in the identification of potential 
areas for improvement and optimization when necessary.  

Firstly, we established specific progress period dates, allowing for systematic tracking of advancements within the quarry. 
These dates should be strategically set to accommodate various potential monitoring frequencies, such as weekly, monthly, 
or quarterly intervals. For the purpose of this project, we implemented a monthly follow-up system. Utilizing the designated 
progress period dates, we systematically incorporated the actual progress made during each designated period (theoretical 
progress considering that we recreated the quarry lifecycle in regression). This data enabled the system to maintain a 
detailed log of the advancements achieved within the quarry over time. 

Furthermore, the system was designed to save the original work program while simultaneously creating a separate register 
to log the actual advancements of the quarry operations. This feature enabled a comprehensive comparative analysis, 
empowering the quarry management team to identify any potential delays, advancements, or activities that required 
modification to meet predefined deadlines or production targets. This comparison process could involve implementing 
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various strategies, including resource augmentation to accelerate exploitation rates, modifying operational methods, or 
exploring the option of opening new areas within the quarry.  

 

Figure 25. Valdilecha: Progress Control Chart and Gantt Chart with Original Baseline. 

The dynamic integration of this progress-tracking mechanism is further enhanced by its visible representation in the 3D 
models. By comparing the baseline data in the initial model with the progress data in a replicated simulation, the team 
gains a comprehensive visual understanding of the evolving quarry operations. This comparative analysis not only aids in 
visualizing the actual advancements in the quarry's development over time but also highlights any deviations from the 
initial plan. By providing a tangible representation of the ongoing progress within the 3D models, this integration fosters a 
holistic understanding of the project's trajectory, thereby facilitating more informed decision-making for optimal project 
management. 

 

 

Figure 26. Valdilecha: Progress Control 4D BIM Simulation with IFC Comparison Model. 
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4.5.1.4 Mass Haulage 

Building upon the comprehensive data integration and analysis outlined earlier in the report, this section describes the 
critical aspect of resource allocation and mass haulage studies within the quarry operations for Valdilecha.  

After the inclusion of mobile machinery into the system as Permanent Resources for Valdilecha's quarry, these resources 
are henceforth referred to as such in this section. As is customary in any planning process, the allocation of mobile 
machinery to specific activities is conducted based on the collective expertise and knowledge of the company professionals, 
incorporating industry insights and the accumulated wisdom of the quarry operations. In the context of DigiEcoQuarry, the 
process of resource allocation was executed by the APP team, based on internal research. 

As detailed in the preceding section, incorporating essential data concerning the quarry's mobile machinery and assigning 
the identified resources to specific extraction activities, allowed us to accurately compute the durations for each activity 
(the complete process is explained in section 4.5.1.1. Work Programme Development), leading to the finalization of the 
baseline planning. 

Having used BIM tools to retrieve duration calculations, we decided to employ advanced planning and mass haulage tools 
to optimize the resource allocation strategy. Initiating this optimization effort, we conducted a resource allocation study 
that generated a graphical representation showcasing the utilization of machinery over time. This study highlighted 
instances where resources remained underutilized, indicating areas where optimization could be implemented. 
Furthermore, it also pinpointed instances where machinery was assigned to multiple activities concurrently, thereby 
leading to potential work conflicts that necessitated resolution.  

Based on that information, a more detailed resource allocation study was performed based on a partial schedule from the 
long-term 4D Planning, to obtain a more accurate strategy for resource optimization. The following image depicts the 
outcome of the mass-haulage strategy incorporated into a time-location graphic. To maintain consistency with the 4D BIM 
long-term planning strategy, Mass Haulage was developed as a detailed study of a specific timeframe (09 Feb 2024-09 Jan 
2025) within the long-term plan, using the same working areas as location references (Area A, B, C, etc.). These areas are 
represented on the X-axis for both graphics on the left side of the analysis. 

 

Figure 27. Valdilecha: Mass Haulage and Time Location Plan. 
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Based on that location axis, the upper section displays the mass haulage, which shows the volume of material that should 
be transported from each section to the treatment plant.  The central part of the left section shows the time-location 
planning scheme (also based on an X-axis based on the designated areas), which focuses on the 1-year period displayed in 
the Y-axis. Additionally, to represent a more precise diagram, the Y-axis is divided into weeks (these are the horizontal lines 
that cross the full diagram) for time precision. 

 

Figure 28. Valdilecha: Mass Haulage Diagram by Areas. 

To optimize the haulage scheme, three resource groups were created. So, as shown in the legend on the bottom part of 
the page, the planned activities are represented as color-coded boxes depending on the resource group that is performing 
the haulage works in the referenced area, and their height corresponds to the period on which the exploitation process 
will be taking place. These periods correspond to the duration calculations performed for the 4D BIM Planning (using 
machinery work rates, area volumes, and material characteristics -see Chapter 4.4.1.1.). The graphic also showcases color-
coded arrows that rŜǇǊŜǎŜƴǘ ǘƘŜ ǊŜǎƻǳǊŎŜ ƎǊƻǳǇǎΩ ǿƻǊƪ Řirections and movements. 

 

Figure 29. Valdilecha: Time-Location Diagram by Areas (weekly). 
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4.5.2  HOLCIM. Pioltello San Bovio 

Our involvement at the second site commenced with discussions and consultations with the site's team to delineate the 
scope of our work. Subsequently, it was agreed, for similar reasons to the previous site, the adoption of a long-term 
approach to the 4D BIM Planning was deemed most appropriate. This decision was reinforced by the site's distinctive 
operational characteristics, notably the predominant use of conveyor belts for material transportation and the consistent 
rhythm of production, which rendered the implementation of a short-term planning approach less practical. 

Given the absence of an established schedule at the site, we undertook the task of crafting a work plan, implementing the 
same approach employed at the earlier quarry.  

4.5.2.1 Work Programme Development 

Similar to the approach undertaken at Valdilecha, the development of the work program at the second site followed a 
comparable process. The resulting schedule primarily focused on delineating the documentation phase and the extraction 
or exploitation phase. Notably, the absence of information regarding a rehabilitation phase rendered this phase 
inapplicable to the site's specific context.  

 

Figure 30. Pioltello San Bovio: Works Programme (Long-term). 

At the Pioltello San Bovio site, the unique nature of the quarry's exploitation method, primarily centered around dredging, 
posed distinct challenges in terms of data acquisition and volume calculations. Owing to the underwater extraction areas, 
which fell outside the designated study area, the production of specific volume models became unfeasible, thereby limiting 
the availability of pertinent data. Consequently, the activities associated with this site were conceptualized more 
generically, allowing for flexible durations and open-ended timelines. This adaptive approach was essential in 
accommodating the site's unconventional operational requirements and ensuring a pragmatic scheduling framework. 
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Figure 31. Pioltello San Bovio: Exploitation Area. 

4.5.2.2 Work Programme BIM Simulation 

The development process at Holcim's quarry site followed a similar trajectory to that of the Valdilecha quarry. We 
integrated the various BIM models into the main planning file, ensuring a comprehensive representation of the site's layout 
and infrastructure. Although the creation of volume models was not possible, for the rest of the model (treatment plant 
facilities) we classified and linked each element to their respective activities, ensuring a cohesive representation of the 
quarry's lifecycle.  

Upon completion of the linking process, specific visual enhancements were incorporated into the Gantt Chart and models, 
amplifying the overall visual representation of the simulation, which facilitates a more intuitive grasp of the quarry's 
lifecycle. The culmination of these efforts resulted in the successful generation of a holistic 4D BIM Simulation that 
portrayed the original Work Programme, despite the unique constraints posed by the quarry site in question. 

 

Figure 32. Pioltello San Bovio: 4D BIM Simulation Flipbook Summary. 
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4.5.2.3 Work Programme Progress Control 

Given the absence of material extraction activity portrayal in the 4D BIM Planning, the decision was reached to forgo 
progress control activities, as such activities would not have been visibly represented within the simulation. As a result, 
only the progress related to the treatment plant installation was discernible, and we deemed this information not 
significant or engaging enough for the quarry operations management team. 

4.5.2.4 Resource Allocation and Mass Haulage 

At the outset, it was decided that the implementation of comprehensive studies related to mass haulage and resource 
allocation would not be pursued at the site. This decision was primarily influenced by the distinct operational dynamics 
that characterize the site, where the use of mobile machinery for material transportation was not employed. Given the 
predominant use of conveyor belts for the transportation of materials, the traditional considerations associated with mass 
haulage studies were considered redundant. Likewise, the site's operational structure, which relies on a consistent and 
continuous production rhythm, led to the determination that resource allocation studies, typically pertinent to mobile 
machinery deployment and utilization, were not applicable in this context.  
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4.5.3 CIMPOR. Agrepor - Alenquer 

Our engagement with the CIMPOR-managed Agrepor-Alenquer quarry commenced with in-depth deliberations and 
consultations aimed at delineating the scope of our work. Like in our previous experiences, it was determined that the 
initial focus on short-term, detailed planning for material exploitation and mass haulage would not yield substantial 
benefits. This determination was made in consideration of the industry's tendency to prioritize long-term planning 
strategies over intricate short-term planning methodologies, as detailed in the previous section of this report. 
Consequently, our strategic focus transitioned towards the implementation of a comprehensive long-term planning 
approach, mirroring that of Valdilecha, centred on illustrating the complete lifecycle of the quarry.  

4.5.3.1 Work Programme Development 

CƻƭƭƻǿƛƴƎ ±ŀƭŘƛƭŜŎƘŀΩǎ ǇǊƻƎǊŀƳƳŜ ǎǘǊǳŎǘǳǊŜ, for the Agrepor-Alenquer Work Programme Development, we adopted a 
retrospective planning approach to delineate the critical phases, including documentation, preparation (access roads 
development and treatment plant installation), extraction or exploitation phase, and lastly, the inclusion of a rehabilitation 
phase developed from restoration insights obtained from ǘƘŜ /LathwΩǎ ǇǊƻƧŜŎǘ ǘŜam and some internal research.  

 

Figure 33. Agrepor-Alenquer: Programme Structure. 

For the extraction or exploitation phase, the quarry was partitioned into distinct areas, facilitating effective task 
organization, and we created volume models for accurate mass calculations, that would enrich the planning scheme for 
resource allocations and activities duration calculation.  



 

D4.5 BIM - Planning 4D for all the pilots 

Dissemination level: PU 

 

 

GA # 101003750 30 November 2023 Page 39 of 76   

DEQ_D4.5_APP_V0.4_20231130 

 

Figure 34. Agrepor-Alenquer: Quarry Material 3D Model by Volumes and Areas. 

As mentioned, information on mobile machinery was incorporated, and task durations were computed based on 
machinery assignments and exploitation area and volume analysis, reflecting our commitment to precise project timeline 
establishment (all of this taking into account that the programme is a retrospective exercise and initial data is not accurate, 
but the calculations and simulations were meticulously performed based on the available information). The calculations 
were done assuming all the machinery retrieved was available 90% of the time. Additionally, the resources work rate was 
established based on each machinery technical documents from its manufacturers and the available data retrieved by WP3 
partner Abaut regarding machinery cycles.  

As it was done and explained for Cemex 4D BIM Planning, and knowing as well that the type of rock present at Agrepor 
Alenquer corresponds to alluvial deposits (Granite, quartzite, metamorphic rocks), we applied a simple conversion from 
cubic meters to tons. The density for these kinds of materials can vary, but since a general range for the density of granite 
is approximately 2,630 to 2,750 kilograms per cubic meter (kg/m³), we also used 2.7 as our work from task factor (having 
the task work represented in m3 and the corresponding work in tonnes). 

 

Figure 35. Agrepor-Alenquer. Resource Allocation and Quantity (Volume) Calculations. 
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4.5.3.2 Work Programme BIM Simulation 

For CIMPOR's quarry site, we applied a similar process for the Work Programme BIM Simulation as we did for Cemex. The 
topographic and treatment plant BIM models were seamlessly integrated and aligned, accompanied by the inclusion of 
Roads, volumes and surface models specific to the various quarry zones.  

Each element was carefully classified and linked to its respective activities: we connected volumes to their corresponding 
exploitation activities, treatment plant assets with their installation processes, etc. Once the linking process was completed, 
we also introduced specific visual enhancements to the project to improve the overall visualization of the simulation. This 
implementation enabled a more intuitive grasp of the quarry's lifecycle, from its initiation to its culmination, as per our 
initial calculations.  

 

Figure 36. Agrepor-Alenquer: 4D BIM Planning Flipbook Summary. 

In Agrepor-Alenquer, the 4D BIM Planning development was also focused on its rehabilitation plan, which showcased the 
process from the final pit situation until the restored quarry area, including its treatment plant dismantling, area levelling, 
landfill and plantation scheme. The restoration or rehabilitation phase was added to the schedule as an additional chapter 
and included in the simulation as well. The simulations and all 4D BIM Planning related data are available in the Datalake. 

 

Figure 37. Agrepor-Alenquer: Restoration Phase Simulation. Flipbook Summary. 

4.5.3.3 Mass Haulage 

As previously mentioned, all the available machinery for Agrepor-Alenquer was applied to the 4D BIM Planning as resources 
to feed the schedule with useful information and calculate activity durations. Based on that information, iƴ ±ŀƭŘƛƭŜŎƘŀΩǎ 
case, a resource allocation study was performed based on the long-term 4D BIM Plan. For Agrepor-Alenquer, it was decided 
to develop a short-term schedule (in addition to the long-term plan utilized for the 4D BIM Planning), to showcase different 
mass haulage strategies that could be performed, and the benefits perceived from these depending on the approach in 
each case.  

The process followed replicates the one from Valdilecha, obtaining a mass haulage diagram (upper part of the page), a 
time-location diagram, and mass haulage histograms (right side of the page).  
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Figure 38. Agrepor-Alenquer: Mass Haulage and Time Location Plan. 

Contrary to Valdilecha, only two resource groups were created for Agrepor-Alenquer Analysis, retaining it optimum to fulfil 
the yearly production requirements. Once again, the planned activities are represented as color-coded boxes depending 
on the resource group that is performing the haulage works in the referenced area, and their height corresponds to the 
period on which the exploitation process will be taking place.  

 

Figure 39. Agrepor-Alenquer: Time-Location Diagram by Areas (weekly). 
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Additionally (as it was done in Valdilecha), weekly work histograms are presented on the right side, depicting both normal 
(left histogram) and cumulative (right histogram) progress. To showcase that all scenarios and elements that could affect 
the quarry extraction progress can be taken into account for a mass haulage diagram, we have factored in a 14-day 
maintenance period for the treatment plant, in which extraction processes are paused as well, so final calculations and 
schedules reflect a more accurate overall picture of quarry operations. However, this short-term plan was developed 
assuming continuous operations (Chapter 5.1 will go more into detail on the risk analysis methodology employed to 
calculate possible delays based on unexpected or uncounted-for situations). 

 

Figure 40. Agrepor-Alenquer: Mass Haulage Histograms 
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4.5.4 VICAT. Fenouillet 

Our engagement with the Fenouillet recycling plant involved multiple site meetings to ascertain their operational dynamics. 
Contrary to the other sites, it was apparent that the team displayed disinterest in both short-term and long-term planning 
strategies since they had more relevant issues that seemed possible to tackle using BIM strategies. 

A significant hurdle faced by the recycling plant pertained to frequent shutdowns of the treatment plant and washing plant 
assets due to mechanical failures, resulting in production halts. To address these challenges, we collectively agreed to 
implement a 4D BIM Planning approach focused on developing a work programme centered on preventive maintenance 
strategies and implementing comprehensive checking rounds systems for the on-site workforce. This proactive approach 
aimed to mitigate the frequent machinery breakdowns, ensuring sustained production levels, and fostering operational 
stability at the Fenouillet recycling plant.  

The second very important aspect for the Vicat team was to make sure that the tool was easy to use, intuitive and simple 
so that every team member could take part in it during the day-to-day operations. After some analysis, the request resulted 
in the implementation of a mobile app system that could facilitate the progress tracking for both maintenance activity 
types, giving easy access to users with a very low learning curve and training effort from their side. 

4.5.4.1 Work Programme Development 

For this specific site, and upon request from the pilot site team, the 4D BIM Planning tools gather all data in both English 
and French languages, sƻ ƛǘΩǎ ƳƻǊŜ ŀŎŎŜǎǎƛōƭŜ ǘƻ ǘƘŜ ǎƛǘŜΩǎ ǘŜŀƳΣ ŀǎ ǿŜƭƭ ŀǎ ǳƴŘŜǊǎǘŀƴŘŀōƭŜ ŀƴŘ ŜƴŎƻƳǇŀǎǎŜŘ ǿƛǘƘ ǘƘŜ 59v 
Project. For VICAT's 4D BIM Planning, our team diligently integrated insights provided by VICAT's experts, incorporating 
their current maintenance sheets and an exhaustive inventory of actions to be implemented on site rounds. Leveraging 
this information, we crafted a comprehensive work programme, organizing it into distinct chapters to cater to the diverse 
array of requirements, all encapsulated within a single, cohesive file: preventive maintenance programme, and site rounds 
programme.  

4.5.4.1.1 Preventive Maintenance 

The preventive maintenance programme was thoughtfully constructed, encompassing all treatment plant assets 
necessitating proactive measures, aligned with corresponding milestones in the timeline for each of these actions. The 
programme is composed of repetitive tasks at predetermined time intervals, ensuring optimal upkeep and sustained 
operational efficiency.  

Based on the received information, a programme was structured by creating grouped tasks by conveyor belts which 
contained all the preventive maintenance activities that should be performed in each of them, considering its periodicity 
and the data that must be recorded after each action to be able to keep complete traceability of the maintenance activities 
through time for each component. Hence, during each maintenance activity, the person performing the task can mark, 
besides their data as the responsible person and that the activity was performed, the current status of the asset, take 
pictures of relevant situations or add notes for the record system.  

Once the maintenance activity is performed and approved by the responsible manager, the schedule is automatically 
updated with one click, and future maintenance activities are rescheduled if needed, saving all the input information in the 
system as well.   
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Figure 41. Fenouillet: Preventive Maintenance Schedule by component. 

4.5.4.1.2 Treatment Plant Checking Rounds 

To streamline on-site operations, the work weekly rounds programme was structured to incorporate a curated checklist 
of essential inspections crucial for the seamless functioning of the assets. With a vision to enhance accessibility and 
efficiency, this facet of the schedule was also tailored for seamless integration into a dedicated Mobile App, empowering 
on-site personnel with immediate and convenient access to this indispensable tool. Empowering the designated personnel 
with the means to effectively validate asset functionality, facilitates the quick and efficient recording of information directly 
within the mobile application, allowing users to rapidly input data, such as marking completed checks, updating statuses, 
and adding notes, without encountering unnecessary delays or complications. This feature ensures that the process of 
documenting essential information is seamless and expedient. Furthermore, this crucial data is seamlessly and 
automatically synced with the centralized system, perpetually linked to the respective asset within the 3D model, ensuring 
comprehensive documentation and streamlined asset management. 

 

Figure 42. Fenouillet: Daily Checking Rounds Weekly Programme. 
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4.5.4.1.3 Schedule Progress Control By Mobile Application 

The Mobile Application system boasts a user-friendly interface incorporated for simplicity and ease of use. Upon opening 
the app, users are presented with a clear overview of available projects, featuring Vicat's Fenouillet Maintenance 
programme in this case. Upon selecting the project, the app intelligently displays only those program chapters for which 
activities are currently due, a level of access tailored and provided by the project manager or the individual responsible. 
This customization ensures that users are presented with the most relevant information, whether it pertains to daily, 
weekly, or monthly activities. 

 

Figure 43. Fenouillet: Progress Control Mobile Application Task groups. 

Upon entering a selected chapter, the app presents a comprehensive list of activities that require attention. A color-coded 
symbol system serves as a visual aid, promptly conveying the urgency status of each activityτred for overdue, green for 
on time, and yellow for those not requiring immediate attention. This intuitive system empowers users to quickly discern 
and prioritize tasks, facilitating a streamlined review process. 

 

Figure 44. Fenouillet: Progress Control Mobile Application List 
of Activities 

 

Figure 45. Fenouillet: Progress Control Mobile Application 
Activity Status 
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When delving into a specific activity by clicking on it, users gain access to a detailed view showcasing the task's progress, 
indicating whether it has been completed or not. Relevant data pertinent to the user is prominently displayed, alongside 
fields requiring input and additional sections for complementary information such as notes or images. To align with Vicat's 
specific requirements, users are equipped with buttons to assess the asset's status as good, acceptable, or bad, and to 
indicate the urgency of necessary actions. The data collected is seamlessly transmitted to the central system, where 
responsible managers can view and interpret it in a list format, augmented by a traffic light system for intuitive decision-
making.  

 

Figure 46. Fenouillet: Progress Control Mobile Application Activity data 

Upon completion of the assigned tasks, users can effortlessly submit changes, initiating a smooth transmission of data to 
the 4D BIM Planning system for acceptance. This integration ensures a closed-loop process, where on-site activities are 
seamlessly documented and reflected in the overarching planning system for comprehensive project management. 

 

Figure 47. Fenouillet: Preventive Treatment Plant Round Checklists. 

4.5.5 Demonstrator 

To reach to the 4D BIM Simulations and miscellaneous documents for the pilot sites, please follow the link or please contact 
to the writer of this document (APP Consultoria team) through following email address deq@app-consultoria.com. 

https://www.dropbox.com/scl/fo/mth557i4p6wilvvselqqb/h?rlkey=yh6ojhhth90q68xzira173w1w&dl=0
mailto:deq@app-consultoria.com
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5 Logical Analysis and Risk Analysis of the Work Programme 

5.1 Logical Analysis ς Work Programme Schedule Assessment & Quality Check 

Schedule Quality Analysis is a dynamic and iterative process essential for achieving and maintaining high-quality standards 
in project scheduling. We are committed to ensuring that the project adheres to industry standards, and in this context, 
we are following the Defence Contract Management Agency (DCMA) standards for schedule quality assessment. DCMA 
standards are widely recognized in the project management community and provide a structured approach to assessing 
schedule quality, ensuring that schedules are realistic, well-structured, and aligned with project objectives. Some of the 
key DCMA standards in schedule quality assessment are: 

1. Comprehensive Evaluation: The DCMA standards offer a comprehensive framework for evaluating the quality 
of project schedules. This involves a thorough examination of various aspects to ensure that the schedule is robust and 
capable of supporting successful project execution. 

2. Realism: One key aspect of DCMA standards is the emphasis on schedule realism. This involves assessing 
whether the proposed schedule is achievable considering the available resources, constraints, and historical performance.  

3. Structural Integrity: DCMA standards guide the evaluation of the structural integrity of schedules. This involves 
examining the logical relationships between tasks, dependencies, and critical paths. A well-structured schedule is crucial 
for effective resource allocation and risk management. 

4. Alignment with Objectives: Ensuring that the project schedule aligns with the overall project objectives is a 
paramount consideration. DCMA standards guide the verification that the schedule is not only realistic but also in harmony 
with the project's strategic goals and milestones. 

5. Continuous Improvement: DCMA standards promote a culture of continuous improvement by encouraging 
regular assessments and refinements to the project schedule. This iterative process ensures that the schedule remains 
dynamic and adaptable to changing project conditions. 

 

Figure 48. Logical Analysis and Schedule Quality Check. 

The iterative nature of this analysis acknowledges the dynamic characteristics of projects, which are subject to changes in 
scope, resource availability, and unforeseen events. Through continuous refinement, project managers can optimize 
scheduling scenarios by testing different sequences, resource allocations, and dependencies to identify the most efficient 
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project plan. This iterative approach also facilitates ongoing risk assessment, allowing for the identification and mitigation 
of potential risks as the project evolves. The iterative nature of Schedule Quality Analysis fosters a culture of continuous 
improvement, and enhances decision-making, contributing to the overall success of the project by maintaining a high 
standard of schedule quality. Having said so, we present below the DCMA Criteria list that was applied to our internal 
schedule quality Analysis during the schedule development process to achieve a high-quality schedule: 

Table 2. DCMA Standard Criteria. 

Name Description 

Logic 
Evaluation of the logical sequencing and relationships between different tasks in the project 
schedule. 

Leads 
Examination of lead times, indicating the amount of time a successor task can start before its 
predecessor. 

Lags 
Assessment of lag times, representing delays between the start or finish of one task and the start 
or finish of its successor. 

SS/FF Relations Analysis of Start-to-Start (SS) and Finish-to-Finish (FF) task relationships in the project schedule. 

SF Relations Evaluation of Start-to-Finish (SF) task relationships in the project schedule. 

Hard Constraint Identification of tasks or events with fixed, unalterable start or finish dates. 

High Float Recognition of tasks with a significant amount of float, indicating flexibility in the project schedule. 

Negative Float Detection of tasks with negative float, implying potential schedule conflicts or delays. 

High Duration Identification of tasks with extended durations, possibly impacting the overall project timeline. 

Invalid Forecast 
Dates 

Verification of forecasted dates for completion or milestones to ensure accuracy and feasibility. 

Invalid Actual 
Dates 

Assessment of actual completion dates to ensure alignment with the planned schedule. 

Missed Activities Identification of tasks or activities that were not completed as scheduled. 

Critical Path Test Testing the critical path to verify its accuracy and ensure it aligns with project objectives. 

CPLI Calculation and analysis of the CPLI to assess project schedule health. 

BEI Calculation and analysis of BEI to identify schedule volatility or irregularities. 

Total Score 
Aggregation of individual scores or assessments to provide an overall evaluation of the project 
schedule. 

 
The visual representation below will illustrate the sample schedule quality check metrics, emphasizing the critical metrics 
and points assessed quarterly according to DCMA standards. 
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Figure 49. Schedule Quality Analysis Example (Cimpor Agrepor work programme). 

5.2 Risk Analysis 

Schedule Risk Analysis is the systematic evaluation of uncertainties that could impact the timeline of a project, providing 
valuable insights into potential delays and facilitating proactive decision-making. Risk Analysis has been carried out based 
on the developed work programme, considering the Schedule Non-Mitigated scenario including the probability values of 
P10, P50 and P90 (the probability that the project will finish by a selected date or earlier). This Risk Analysis section includes 
Risk Exposure information, and Schedule Risk drivers with tornado graphs. 

Quantitative risk analysis was systematically applied to the prepared work program, encompassing quarry extraction and 
treatment plant activities. By evaluating the impact of all potential risks and uncertainties on the project's time objectives, 
the results derived from quantitative risk analysis provided a deterministic schedule estimate. This estimation included the 
likely finish date, considering all identified risks. 

This method of quantitative risk analysis not only identifies the root causes of risks but also assesses their probability of 
occurrence and the ensuing impact on activities. This approach facilitates the prioritization of risks, allowing for a strategic 
focus on mitigating those with the most significant potential impact on project timelines. The incorporation of Monte Carlo 
simulation into this analysis enhances its robustness by simulating numerous scenarios, providing a comprehensive 
understanding of the range of potential outcomes and further refining risk mitigation strategies. 

The following table provides some definitions for terms commonly used in risk analysis and that will be found in the report.  
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Table 3. Risk Analysis Definitions. 

Concept Definition 

Deterministic Finish Date Finish Date from the planning program. 

tπ±ŀƭǳŜ The probability that the project will finish by a selected date or earlier. 

Duration Uncertainty 
Range of values that describe the minimum and maximum amount of duration for an 
individual activity. 

Risk Event 
Individual risk events with a probability of happening and a consequence of additional 
time and/or cost including ς adding/removing key personnel, scope addition, material 
delivered late, bad weather, decision delay, etc. 

 

5.2.1 Uncertainty Factors 

Within the scope of risk management studies, Uncertainty levels were created for the quarry. These levels of uncertainty 
help to categorize the type of reliability that we consider having our durations in planning. i.e., depending on the type of 
activity and knowledge of the project, the potential to speed up/reduce, delay/extend or that the proposed duration/cost 
be stable and met. Uncertainty Inputs describe the ǇŜǊŎŜƴǘŀƎŜ ƻŦ ǘƘŜ ŀŎǘƛǾƛǘȅΩǎ ŘǳǊŀǘƛƻƴǎ that are distributed and 
estimated based on the uncertainty factors sample provided in the figure below. 

Table 4. Risk Analysis Uncertainty Factors. 

Name Type Min % Most Likely % Max % 

Very Conservative Triangle 50% 100% 100% 

Conservative Triangle 75% 100% 105% 

Realistic Triangle 90% 100% 110% 

Aggressive Triangle 95% 100% 125% 

Very Aggressive Triangle 100% 100% 150% 

 

 

Figure 50. Uncertainty Factor Sample (Cimpor. Agrepor-Alenquer). 
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5.2.2 Risk Matrix 

A risk matrix is a graphical depiction that organizes and evaluates risks by considering their probability and impact. It serves 
as a visual aid to analyse and prioritize risks within a project. Risks are plotted on the matrix based on their assessed 
probability and impact, offering a clear visual representation of their relative importance. The following tables show the 
ratings used in the matrix and the relevant risk groups respectively. 

Table 5. Risk Matrix Ratings 
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Very High      

High      

Medium      

Low      

Very Low      

  

Very Low Low Medium High Very High 

  Loss Level 

Table 6. Risk Matrix Level Groups: Score Criticality 

Risk Levels Colour Description 

1st Level  Very High / High Risk 

2nd Level  Medium Risk 

3rd Level  Low / Very Low Risk 

As seen in the table above, 3 risk groups have been determined for the quarry execution works. While risks with very high 
scores are defined as Level 1 risks, the risk score decreases as the level increases. The details of the risk groups are as 
follows: 

Á 1st Level: There are regions with risks with a red colour, high and very high-risk events are at this level. If the risks in 
this group are revealed, the relevant processes will be adversely affected and may have irreversible consequences. If it 
is not possible to undertake or manage the risks in this group, risk should not be taken and processes involving risk 
should be avoided. 

Á 2nd Level: The regions created by the risks with a yellow colour and high-risk events are gathered in this group. In the 
event that risks at this level are revealed, the relevant processes are partially affected. If the risks at this level are not 
managed well, their effects on the relevant process may be permanent. 

Á 3rd Level: The regions created by the risks with a green colour are low-risk events and moderately risky events are 
gathered in this group. Although the management of risks at this level is easier compared to the 2nd level, they can still 
leave permanent effects in the process related to a bad management or can be easily managed and do not leave a 
permanent impact on the relevant process when they occur. 
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5.2.3 Schedule Risk Events 

These Risk Events are important factors that have been identified and analysed for their potential impact on the quarries. 
The following table provides a comprehensive overview of the Non-mitigated Risk Events considered, including the 
appropriate Risk ID, Probability impacts, and associated scores. It serves as a reference for understanding and managing 
the various risks that may arise during the project's execution. 

Table 7. Risk Events. 

Risk ID Name Probability Schedule Cost Score 

R01 Landslides or rockfalls Medium Medium Negligible  

R02 Unforeseen environmental impacts Low Low Negligible  

R03 Soil erosion Medium Medium Negligible  

R04 Changes in regulations Low Medium Negligible  

R05 Permitting issues Medium High Negligible  

R06 Environmental standards non-compliance Low Low Negligible  

R07 Equipment failure High High Negligible  

R08 Accidents and injuries Medium Medium Negligible  

R09 Inadequate workforce skills Low Medium Negligible  

R10 Fluctuations in demand Medium Medium Negligible  

R11 Material price changes Low Low Negligible  

R12 Competition Medium Very Low Negligible  

R13 Cost overruns High High Negligible  

R14 Currency exchange rate fluctuations Medium Medium Negligible  

R15 Adverse weather conditions Medium Low Negligible  

R16 Seasonal variations Low Low Negligible  

R17 Community opposition Medium High Negligible  

R18 Reputational risks Low Low Negligible  

R19 Litigation or disputes Medium High Negligible  

R20 Exposure to hazardous materials Medium Medium Negligible  

R21 Occupational health risks Medium Medium Negligible  

R22 Compliance with safety standards Low Low Negligible  

R23 Obsolescence of technologies Medium Medium Negligible  

R24 Equipment procurement issues High High Negligible  

R25 Integration problems Low Medium Negligible  
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5.3 Pilot Sites 

5.3.1 CEMEX. Valdilecha 

5.3.1.1 Quality Check 

The evaluation results for Cemex's 1-year period extraction planning reveal that, all metrics meet the specified 
requirements. The cumulative score of 92% is deemed adequate for risk management and exploring alternative scenarios. 

Table 8. Cemex. Valdilecha: Quality Check Results 
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5.3.1.2 Schedule Risk Analysis Considering Only Uncertainties 

The examination concentrated on the timetable, exclusively considering the impact of uncertainties. Kindly refer Table 4 
for details on the uncertainty factors, as referenced in the planning tasks illustrated in the subsequent image for Cemex. 

 

Figure 51.  Valdilecha: Uncertainty Factor Graph 

As per Risk Exposure of Project Risk Analysis considering only Uncertainties Scenario the deterministic date with a 0.20% 
probability, is set at January 9, 2025. The mean (P52) completion date is estimated to be January 24, 2025, signifying the 
average project duration with a 52% likelihood of meeting this timeline. The P10 date of January 16, 2025, serves as the 
earliest possible completion date with a 10% probability. The P50 completion date of January 23, 2025, represents the 
midpoint. The P90 date of January 30, 2025, indicates a 90% probability of completing by this date. The table below 
provided in-depth overview of various metrics and values related Project Risk Analysis considering only Uncertainties 
factors. 
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Table 9. Valdilecha: Summary of Project Risk Analysis for Uncertainties 

Metric Value 

Deterministic ς 0.2% 09/01/2025 

Mean (P52) 24/01/2025 

P10 16/01/2025 

P50 23/01/2025 

P90 30/01/2025 

Max. Range 34 days 

¶ Deterministic ς 0.2%: The anticipated project completion date is set at January 09, 2025, with a confidence level 
of 46.6%. This denotes a 46.6% likelihood that the project will conclude by this specific date. 

¶ Mean (P52): The anticipated project completion date is January 24, 2025. This date represents the mean or 
average completion date with a 51% probability, signifying a 51% likelihood that the project will be finished by 
this date. 

¶ P10: The projected completion date with a 10% probability is January 16, 2025. This indicates a 10% chance that 
the project will be completed by this earlier date. 

¶ P50: The projected completion date with a 50% probability is January 23, 2025. This represents the median or 
midpoint of the project's duration distribution and is considered the most probable completion date. 

¶ P90: The projected completion date with a 90% probability is January 30, 2025. This signifies a 90% likelihood that 
the project will be concluded by this date. 

¶ Max. Range: The max. range represents the difference between the P0-best case and P100-worst case estimates. 
In this case, the max. range is 34 days. 

The Risk Exposure for the Project Finish Date, considering only the Uncertainty impact on the schedule, is represented in 
the figure below. 

 

Figure 52. Valdilecha: Risk Exposure for the Project Finish Date considering only Uncertainties Impact 
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5.3.1.3 Risk Analysis for the Original Situation Scenario: 

This analysis assesses the schedule risks associated with the project in its initial state, without any mitigation measures in 
place. It provides insights into the potential schedule delays and areas of vulnerability that need to be addressed. The Risk 
Analysis conducted for the Original Situation focuses on evaluating the schedule risks of the project in its initial state, 
without implementing any measures to mitigate those risks. This analysis aims to provide an understanding of the potential 
schedule delays and identify areas that are vulnerable to risks.  

  Risk analysis was set to consider Uncertainty and Discrete Risk Events (No Mitigation). 1000 simulations were run. 
Risk Analysis for the Original Situation without Mitigation Scenario has been prepared with the probability values of P10, 
P50 and P90. 

As per Project Risk Analysis with Original Situation Scenario without Mitigation the deterministic completion date is 
estimated to be January 9, 2025. The moderate Mean scenario (P48) predicting a completion date of June 10, 2025. The 
probability of 10% (P10) foresees a completion date of March 18, 2025, while the probability of 50% (P50) scenario sets it 
on June 12, 2025, supported by a 152-day contingency. Conversely, the worst-case P90 scenario extends the completion 
to August 21, 2025.   

  The Risk Exposure for the Project Finish Date, considering Uncertainties and Risk Events impact on the schedule, 
is represented in the following figure. 

 

Figure 53. Valdilecha: Risk Exposure for the Project Finish Date considering Uncertainties and Risk Events 

¶ Deterministic (0%): The deterministic estimate signifies substantial uncertainty, with a completion date of January 
9, 2025. 

¶ Mean (P48): In the Mean scenario (P48), the project is expected to be completed by June 10, 2025, reflecting a 
48% probability level. 

¶ P10: The completion date with a 10% probability is estimated of March 18, 2025. This means that there is a 10% 
chance that the project will be completed by this date. 

¶ P50: The P50 estimate places the completion date on June 12, 2025, signifying a 50% probability. 

¶ P90: The P90 estimate reflects a higher level of confidence, setting the completion date on August 21, 2025. 

¶ P48 Contingency (152 days): A contingency of 152 days has been allocated to the P48 date. 
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Table 10.  Summary table with Original Situation Scenario (Cemex. Valdilecha) 

Metric Value 

Deterministic ς 0.0% 09/01/2024 

Mean (P48) 10/06/2025 

P10 18/03/2025 

P50 12/06/2025 

P90 21/08/2025 

P48 Contingency 152 days 

5.3.2 CIMPOR. Agrepor ς Alenquer 

5.3.2.1 Quality Check 

The quality check outcome for the 1-year period extraction planning of Cimpor indicates that all metrics align with 
requirements, except for high duration. Considering the quarry's unique characteristics, a prolonged duration may be 
deemed acceptable in this context. The overall score of 83% is considered satisfactory for managing risk and investigating 
alternative scenarios. 

Table 11. Agrepor-Alenquer: Quality Check Results 
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5.3.2.2 Schedule Risk Analysis Considering Only Uncertainties 

This analysis focused on the schedule, considering only the Uncertainties impact. Please refer to the uncertainty factor 
table in Table 4, as indicated in the planning tasks shown in the following image for Cimpor. 

 

Figure 54. Uncertainty Factor Sample (Cimpor. Agrepor-Alenquer). 
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As per Risk Exposure of Project Risk Analysis considering only Uncertainties Scenario the deterministic date with a 46.6% 
probability, is set at November 28, 2024. The mean (P51) completion date is estimated to be November 29, 2024, signifying 
the average project duration with a 51% likelihood of meeting this timeline. The P10 date of November 19, 2024, serves 
as the earliest possible completion date with a 10% probability. The P50 completion date of November 28, 2024, represents 
the midpoint. The P90 date of December 09, 2024, indicates a 90% probability of completing by this date. The table below 
provided in-depth overview of various metrics and values related Project Risk Analysis considering only Uncertainties 
factors. 

Table 12. Summary of Project Risk Analysis for Uncertainties - Cimpor Agrepor-Alenquer. 

Metric Value 

Deterministic ς 46.6% 28/11/2024 

Mean (P51) 29/11/2024 

P10 19/11/2024 

P50 28/11/2024 

P90 09/12/2024 

Max. Range 42 days 

 

Á Deterministic ς 46.6%: The anticipated project completion date is set at November 28, 2024, with a confidence level 
of 46.6%. This denotes a 46.6% likelihood that the project will conclude by this specific date. 

Á Mean (P51): The anticipated project completion date is November 29, 2024. This date represents the mean or 
average completion date with a 51% probability, signifying a 51% likelihood that the project will be finished by this 
date. 

Á P10: The projected completion date with a 10% probability is November 19, 2024. This indicates a 10% chance that 
the project will be completed by this earlier date. 

Á P50: The projected completion date with a 50% probability is November 28, 2024. This represents the median or 
midpoint of the project's duration distribution and is considered the most probable completion date. 

Á P90: The projected completion date with a 90% probability is December 09, 2024. This signifies a 90% likelihood that 
the project will be concluded by this date. 

Á Max. Range: The max. range represents the difference between the P0-best case and P100-worst case estimates. In 
this case, the max. range is 42 days. 

The Risk Exposure for the Quarry Finish Date, considering only the Uncertainty impact on the schedule, is represented in 
the figure below. 
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Figure 55. Risk Exposure for the Project Finish Date considering only Uncertainties Impact (Cimpor). 

5.3.2.3 Risk Analysis for the Original Situation Scenario: 

This analysis assesses the schedule risks associated with the project in its initial state, without any mitigation measures in 
place. It provides insights into the potential schedule delays and areas of vulnerability that need to be addressed. The Risk 
Analysis conducted for the Original Situation focuses on evaluating the schedule risks of the project in its initial state, 
without implementing any measures to mitigate those risks. This analysis aims to provide an understanding of the potential 
schedule delays and identify areas that are vulnerable to risks.  

 Risk analysis was set to consider Uncertainty and Discrete Risk Events (No Mitigation). 1000 simulations were run. Risk 
Analysis for the Original Situation without Mitigation Scenario has been prepared with the probability values of P10, P50 
and P90. 

As per Project Risk Analysis with Original Situation Scenario without Mitigation the deterministic completion date is 
estimated to be November 28, 2024. The moderate Mean scenario (P52) predicting a completion date of April 18, 2025. 
The probability of 10% (P10) foresees a completion date of February 17, 2025, while the probability of 50% (P50) scenario 
sets it on April 16, 2025, supported by a 140-day contingency. Conversely, the worst-case P90 scenario extends the 
completion to June 18, 2025.   

 The Risk Exposure for the Project Finish Date, considering Uncertainties and Risk Events impact on the schedule, is 
represented in the following figure. 
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Figure 56. Risk Exposure for the Project Finish Date considering Uncertainties and Risk Events (Cimpor). 

Table 13. Summary table with Original Situation Scenario - Cimpor Agrepor-Alenquer. 

Metric Value 

Deterministic ς 0.2% 28/11/2024 

Mean (P52) 18/04/2025 

P10 17/02/2025 

P50 16/04/2025 

P90 18/06/2025 

P51 Contingency 140 days 

 

Á Deterministic (0%): The deterministic estimate signifies substantial uncertainty, with a completion date of November 
28, 2024. 

Á Mean (P52): In the Mean scenario (P52), the project is expected to be completed by April 18, 2025, reflecting a 52% 
probability level. 

Á P10: The completion date with a 10% probability is estimated of February 17, 2025. This means that there is a 10% 
chance that the project will be completed by this date. 

Á P50: The P50 estimate places the completion date on April 16, 2025, signifying a 50% probability. 

Á P90: The P90 estimate reflects a higher level of confidence, setting the completion date on June 18, 2025. 

Á P51 Contingency (140 days): A contingency of 140 days has been allocated to the P51 date. 

 

 



 

D4.5 BIM - Planning 4D for all the pilots 

Dissemination level: PU 

 

 

GA # 101003750 30 November 2023 Page 60 of 76   

DEQ_D4.5_APP_V0.4_20231130 

6 BIM Integration 

6.1 BIM Common Data Environment (CDE) 

In contemporary project management, the concept of a Common Data Environment (CDE) has gained significant traction. 
A CDE can be defined as a single source of information for a project, providing a common platform for all stakeholders to 
access, edit, and manage critical project data. In essence, it functions as a central repository for project information, 
documents, and communications, facilitating collaboration and enhancing project efficiency. 

In the context of DigiEcoQuarry, we recognized the pivotal role that a model-based CDE could play in connecting Building 
Information Modeling (BIM) models with real-time data provided by other project partners. This integration presented an 
invaluable opportunity to streamline project management processes. By integrating data from various sources, such as 
sensors, equipment, and relevant data about its treatment plant assets, the system facilitates a deeper understanding of 
the quarry's processes and performance. By providing a detailed and dynamic digital replica of the quarry, the adoption of 
a model-based CDE enhances the visualization of project data, streamlines decision-making processes, enhances 
operational efficiency, and promotes a proactive approach to maintenance and resource management. 

6.1.1 3D Model Integration 

To start working in the proposed CDE Environment, we uploaded the Industry Foundation Classes (IFC) models to Autodesk 
Tandem, ensuring the inclusion of essential components such as quarry assets, mobile machinery, and stockpiles, tailored 
to the specific requirements of the designated pilot site, and depending on the available information from other project 
partners.  

As in the 4D BIM Planning process, one of the most important aspects to consider is the correct development of the model 
assets, modelling each element as a distinct and identifiable asset to enable its association with its related data. Therefore, 
some of the pilot site models had to be modified to comply with this requirement. It is important to note that the 
requirements for 4D BIM Planning and a CDE System may vary notably, and for each system, the model used must be the 
most efficient model possible. 

For example, in some cases, the 4D BIM Planning required to show material volumes, roads and mobile machinery, while 
it was not needed in the CDE system, and in other cases, stockpiles were required for the CDE system but not in the 4D 
BIM Planning tool, for which all terrain and material elements were integrated. 

 

Figure 57. Valdilecha Model for CDE Implementation. 

       

 

Figure 58. Valdilecha Model for 4D BIM Planning. 
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6.1.2 Quarry Assets Identification 

In the development of our model-based Common Data Environment (CDE), it was crucial to ensure that the CDE was 
practical and effective. This meant integrating all the pertinent information from each element into the model and 
establishing connections to external data for each related element. To achieve this, it was imperative to clearly identify 
each element within the model.  

We accomplished this by utilizing the same coding system employed in the pilot siteΩs data, thereby ensuring clarity for 
their respective teams. Consequently, each element was assigned its own unique identification (ID). We then proceeded 
to incorporate all the static data associated with each element, such as manufacturer details, model specifications, motor 
type, maintenance periods, and documents related to its mechanical parts, sensors or manufacturers, among other 
relevant information. This approach allows users to access a comprehensive view of all properties linked to a specific 
element, as well as accessing all its associated documentation simply by clicking on it, making document management a 
lot simpler. 

 

Figure 59. CDE: 3D Model Element related static data. 

 

6.1.3 Quarry Digital Twins & Data Dashboards 

Upon the establishment of the model-based Common Data Environment (CDE), we seamlessly integrated the real-time 
data from the WP3 partners and the pilot site into the system, thereby transforming it into a dynamic live Digital Twin. The 
incorporation of data varied depending on the specific site and the available information. Some data were related to the 
usage of mobile machinery, while others pertained to production and consumption data, and so forth. 

By linking the 3D models with the real-time data, we enabled the visualization of all the data associated with each element 
by simply clicking on it. This includes accessing the latest data as well as reviewing historical data through comprehensive 
charts that illustrate an elementΩs behaviour over a specific period. This functionality empowers the quarry team to identify 
any anomalies or changes that require close monitoring.  
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Figure 60. CDE as a Digital Twin. Connection with external data. 

Furthermore, with the integration of all the data, we could create customized dashboards tailored to showcase and 
configure an overview of the completeness of the asset data within the descriptive CDE. The dashboards display charts 
showing progress and completeness, eliminating guesswork of classifying the assets associated with the model elements. 
Users can also filter the dashboards which will affect which elements are displayed and will also impact the results shown 
on the Cards displayed. 

 

 Figure 61. CDE Dashboard Example: Data Audit. 

6.1.4 Data Integration with DataLake 

In the context of the Common Data Environment (CDE), the integration of data from Work Package 3 (WP3) partners is 
facilitated through an integration to the DataLake. In this process, assuming DEQ partners upload their respective data into 
the DataLake utilizing their preferred methods and timeframes, an internally developed integrator interacts with the 
5ŀǘŀ[ŀƪŜ !tLΣ ŜȄǘǊŀŎǘƛƴƎ Řŀǘŀ ŀǘ ǊŜƎǳƭŀǊ ƛƴǘŜǊǾŀƭǎ ƻŦ ŜǾŜǊȅ мн ƘƻǳǊǎΦ LǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƴƻǘŜΣ ǘƘŀǘ ŦƻǊ ŦǳǘǳǊŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴǎ, 
the integrator is able to interact with the DataLake at much shorter intervals of time (we estimate that anything from 1 
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hour intervals would be cautious), but because of the data currently available in the DataLake and the frequency of its 
updates, it was concluded that 12 hours intervals were more than enough to keep the system up-to-date. 

This extracted data is then channeled into the BIM CDE expert system, enabling the consumption of relevant information 
and fostering collaborative data utilization within the framework of the CDE. 

 

Figure 62. Data Integration Process. 

6.2 Pilot Sites 

The process outlined for the implementation of the model-based Common Data Environment (CDE) was uniformly adhered 
to across all designated pilot sites. Each site underwent a systematic integration procedure, ensuring the seamless 
assimilation of 3D models, quarry asset identifications, and the establishment of live Digital Twins with integrated Data 
Lake data.  

The fully integrated model-based Common Data Environment (CDE) platform stands as a demonstrative tool, that will be 
accessible to the management teams of each pilot site. By granting access to the CDE platform, the management teams 
can familiarize themselves with the comprehensive functionalities of the system, subsequently leveraging its capabilities 
to optimize operational strategies and enhance overall performance within their respective pilot sites in the future. 

It is important to note that the data housed within the Common Data Environment (CDE) system feeds from the 
information shared with the Data Lake., so it is imperative to recognize that certain data within the CDE may not necessarily 
represent the most up-to-date or real-time information. Consequently, while the information showed offers valuable 
insights, it is crucial to exercise caution when interpreting this data in real-world operational contexts and only adhere to 
it as a validation exercise until the data flow from third parties to the Data Lake is fluent and has been verified. Having said 
so, the chart below showcases the type of data that has been integrated into each pilot site through a connection to the 
Data Lake, or to local data in some cases where live data was not available. 

Table 14. CDE Dynamic Data Integration by Pilot Site. 

  CEMEX HOLCIM CIMPOR VICAT 

Plant Production Yes Yes No Yes 

Plant Consumption Yes No No Yes 

Mobile Machinery Cycles Yes No Yes Yes 
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6.2.1 CEMEX. Valdilecha 

As explained earlier, ǘƘŜ ǎȅǎǘŜƳ Ƙŀǎ ōŜŜƴ ŦŜŘ ǿƛǘƘ ǘƘŜ Řŀǘŀ ŀǾŀƛƭŀōƭŜ ƛƴ ǘƘŜ 5ŀǘŀ[ŀƪŜ ŦƻǊ ŜŀŎƘ Ǉƛƭƻǘ ǎƛǘŜΦ Lƴ ±ŀƭŘƛƭŜŎƘŀΩǎ 
case, plant production data, plant consumption data and mobile machinery data was available. In this section, the system 
capabilities will be showcased using each pilot site current available data. There are two type of data that will be available 
in the system: static data, like geometry, asset information, and classifications; and dynamic data, which will be extracted 
from the DataLake through the integrator explained in the previous section. 

Starting by the static data, the first thing to note is that, as any BIM visualizer, the user can navigate through the model 
freely with a user-friendly interface. However, unlike most visualizers, Autodesk Tandem enhances the project experience 
by offering a walk-through view, providing users with an immersive and dynamic exploration of the quarry treatment plant 
model, gaining a realistic sense of the project layout and design. The walk-through view is particularly beneficial for project 
reviews, as it offers an interactive and engaging way to comprehend the spatial relationships and intricacies of the 
treatment plant components. 

 

Figure 63. Valdilecha: CDE Walk-through View. 

Moreover, the system also offers a robust data filtering system, allowing users to focus on specific aspects of the project. 
This includes the ability to filter data based on parameters such as Treatment Plant Sections, asset name, type of asset, 
etc. The filtering mechanism is not only powerful in isolating specific components but also enhances visualization through 
colour coding. By assigning different colours to various Treatment Plant Sections, users can quickly discern and analyse the 
distribution and status of assets, facilitating a more intuitive understanding of the model. 

 

Figure 64. Valdilecha: CDE Filters. 
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To streamline project management and analysis, the CDE also provides a feature for saving views and dashboards 
(explained earlier). Saved views allow users to bookmark specific perspectives within the model, ensuring quick access to 
critical viewpoints.  

 

Figure 65. Valdilecha: CDE Views and Dashboards. 

Additionally, the Properties Panel serves as a comprehensive repository of information pertaining to assets within the 
quarry treatment plant model. This panel allows users to access detailed data about each asset, including specifications, 
status, and other relevant attributes. In the sample image below, conveyor C11 is selected, displaying consequently its 
classification, treatment plant section, available streams of data (connected to the DataLake), and its geometric 
information (length, width, and motor KW). All the static information related to a model asset can be added as metadata 
and displayed as part of its properties.  

 

Figure 66. Valdilecha. CDE Asset Data. 


