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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 Commissionrasteresponsible for any use that may be made of the information
contains.

5LDLY9/ hv!!ww, LNRB2SOG A& FdAteée O2yOSNYySR lo2dzi GKS LI2{GS
activities. For this reason, a dedicated Work Packaf®7 ( 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 dassiéBverables 7.1 and 7.2, including also potential

risksof DIGIEh v ! | ww, G(GSOKy2ft23ASaQ RSLIX28YSyild o6Sé2yR (G(KS SyR
social risks alloa close followup of the main potential negative impacts aciety to avoid them throughout the whole

project activitiesAmong ptential 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 jolsta®stru

Withing the aim of WP4, it is important to consider daga 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, elated to social risks and the quarry workers, we can develop atourate 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 presentsgeneral reporbf the KTA 4.1BIMManagement and Connectigrwhich focuses on obtaining
the information in reatime and modelling virtual digital twins of the quarries, byuaing BIM models of the quarries
through the IFC collaboration format, the standard and open BIM foKii@t.4.1 objective is f&M technéogyto be
applied in all quarry phases for advanced diagnosiiesations analysischedulingand quarryingléet management.

The activities performed were developed to respond to Task éBMWM Integratioa of Work Package 4 (WP4)
G5SOSE 2LIMYYIBIANF (ISR L2¢k. Lak! L LI FGF2NY T Miegia®BINGvithj dzl NNJ
managing andantrollingoperationsjmprovingand automating reporting processesgdintegrating data from the quarry

site and the sensors iral time Furthermore, it requested fahe environment and the BIM modéésbe configured and

connected to the data lake finformation extraction and reporting.

The activities shown within thisocument were performeffom month9tomonth3@ ¥ G KS LINR 2Rl G Ly Yy
Sustainable Aggregates SysténBigiEcoQuarrand were applied to all 5 pilot sites. igin obgctive isto highlightthe

capabilities and advantages of incorporatinglding Information Modeling (BIM) strategies and expert systems in the
mining and quarry sectpdemonstratinghe potential benefits of BIM implementation in enhancing operatidifialency

and management practices within the sector.

Therefore, the document (deliverable D4.5) wiltoduce BIM, and the objeives of BIMImplementation within the
project, and will present a comprehensive report of the activities performed and shég®btained in each subtask and
pilot site.

The stucture of this report reflects the Grant Agreement scheme for Task 4.4. and all its suotasiigringhat their
implementation and results vary from site to sitee subtasks within T4.4 includ&d4.4.1 Model development and IFC
conversion: (1) Resion of the BIM model$2) conversion to IFC format to ensure compatibility and integration with the
schedule of the projects$ST4.4.2 Development of 4D planning: (1) Centralisation of the schefithespoojects from
other software (2) Link the progimme schedule with BIM Site and Mq&T4.4.3 Plan and estimate the haulage of the
earthworks (1) Extract information from modéR) Timelocationplanning with diagrams to optimise activities and of
resources focussed on earth moveme®$4.4.4 Perform logical analysis of quarry activities and processes.

Il cA 4101003750 30 Novembe2023
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2 Introduction

2.1 Building Information Moding (BIM)

The US National Building Information Model Standard Project ComdefieesBuilding Iformation Moddling (BIM)s

¢a digital representation of physical and functional characteristics of a facility. A BIM is a shared knowledge resource for
information dout a facility forming a reliable basis for decisions during itsyidie; defined asxisting from earliest
conception to demolitiod.:

ThelSO 1965{1:2018(international standard for managing information over the whole life cycle of a built z#3gt u
Building Information Modelling defines BIM a§l K Sse ¢f dzshared digital represatibn of a built asset to facilitate
design, construction and operation processes to form a reliable basis for de€isions.

In the realm ofArchitecture,Engineering, andonstruction (AECBIMhas gained significant traction over the past few
decades. TiB innovative methodologhas transformedhow industry professionals design, construct, and manage
buildings and infrastructure projecBlMhas evolved from the digital representation of building components in the 1970s
to a comprehensive process thatdgrates various aspects of the construction life cycle. The core idea of BIM revolves
around generating and managing digital representatidptaces' physical and functional characterisfidss includes not

only the geometrical representation but alsjpatial relationships, light analysis, geographic information, and quantities
and properties of building components.

Building Information Maelling offers a range of key benefits to tArchitecture, Engineering, anddonstruction (AEC)
industry. Firsthit fosters collaboration and communication among various stakeholders, leading to better deeisiog

and reduced errors. Secondly, BIMilitates visualization and simulation, allowing stakeholders to identify and resolve
potential issues before comsttion, thereby minimizing costly delays and rewbt&reover, BIM enables accurate cost
estimationreduceghe likelihood of budget overns, and promotes sustainable practices by analysing the environmental
impact of buildings. Lastly, it provides coelensive data for efficient facility management and maintenance, contributing
to prolonged building lifespans and reduced operational costs.

Due to its versatile applications and benefitastly proven in thérchitecture, Engineering, and Constructi&:=C)
industry, BIM methodologies are increasingly being adopted in various other sectors like facility management and
operations, manufactimg and industrial processes, energy and utility sector, and the oil and gas industry. The adoption
of BIM acrosshese diverse industries underscores its value in facilitating efficient project management, enhancing
collaboration among stakeholders, armdmoting sustainable practices throughout various stages of the project lifecycle.

2.2 The use of BIM in the mining agdarrying sector

While BIM has revolutionized the AEC industry, its widespread implementation faces challenges such as initial costs,
resisance to change, and interoperability issues between different software platforms. However, continuous
advancementsn technology and increasing awareness about the benefits of BIM are gradually addressing these
challengesLooking ahead, the future of Blappears promising, with the integration of artificial intelligence, machine
learning, and the Internet of Thing®T) expected to further enhance its capabilities. These advancements will likely
streamline processes, improve efficiency, and foster infmvat

However, he widespreadmplementation of BIM ithe quarryingand mining SO0 2 NJ KI 4y Qi 2a830edrNNBE R ¢
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 setdhe moment, the mostised BIM technology

1 British $&andards Institution (2019) BS EN ISO 19650: Organisation and digitisation of information about buildings and ciniyjengikegricluding
building information modellingInformation management using building information modelling, Lo@f8in:

2 "Frequently Asked Questions About the National BIM Statifdreld States; National BIM Standard United States”. Nationalbimstandard.org.
Archived from the original on 16 October 2014. Retrieved 17 October 2014.
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associated witimining 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 sedtolustry 4.0, envisions the integration of digitalheologies into

various industriesat 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 -digitzen processes.

As stated in théIDPlarticle Wechnological and IntellectuBransition to Mining 4.0: A Revi@aMining 4.0 is associated
GAGK (GKS RATHIAYVRY RFY AGIOKA BWBHF R & RSSLI RAIAGEHEATEFGAZY
Data and Cloud Computing, Smm@ensors, 3D visualization and gesiComputational Fluid Dynamics, Blockchain and
Neural Networks), robotization and expansion of unmanned and remotely controlled prdZéssekina O, 2023)

Therefore, dyital twins playa crucial role in achieving the wisiof Industry 4.0 in the quarrying sector. A digital twin is a
virtualrepresentation of a physical object or systémthe context of quarrying, this could be a digital replica of the entire
quarry, including its eqoiment, processes, and geologicatfeas. In summary, the vision of Industry 4.0 in the quarrying
sector involves leveraging digital twipemprehending BIM methodologies)d advanced technologies to create smarter,
more efficient, and sustainable quarry operations.

INTELLIGENT
QUARRYING SYSTEM

MINING REQUIEREMENTS
AND OPERATION EXPERT

MOBILE MACHINERY

DRILLING

DIGIECOQUARRY

/\ SERVICE (app)

Figurel. DigiEcoQuarry processes.

In the context othe DigiEcoQuarry Project, BIM Integration acts as a horizontal study thaffeyor be influenced by

any of the 8 processes considered in a quarry lifecycle. In that sense, during the dewelufpid.4 BIM strategies, we

were able to make use of the data produced by other partners to create value in the differensbtage® the above

image Therefore, this report delves into the benefits and the transformative impact of BIM implemeniéttn this

sector, highlighting its role in enhancing operational efficiency and ensuring optimal resource management. From the
knowledye obtained in different sectors and by studying its similarities and differences with mining and quarrying, the
premise for the project development is that BIM technologiesld enhance operational efficiency, promote safety, and
encourage sustainablegrtices. BIM would facilitate the creation of a comprehensive digital representation of the physical
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and functional chracteristics of a facility, integrating detailed information about geological formations, machinery,
structural elements, and operatior@dta in a single model.

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

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

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

4D(Time): Incorporates the element of time, aiding in scheduling and sequencing activities for efficient management.
5D (Cost): tegrates costelated data, allowing for accurate cost forecasting and budgeting.

6D (Sustainability): provides analyses su@naggy consumption and estimates.

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

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

9D (Lean Construction)tlédwsto optimize and streamline all steps in the construction phase of a project

10D (Industrialized Processeasjtustrialize and make the consttion sector more productiviiroughthe integration

of physical, commercial and environmental data, among others.

> D> D> D> D D

B n’

BIM o

DIMENSIONS -

Figure2. BIM Dimensiofs

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

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

4D: 4D BIM Plannirigé N 6§ S3ASa NS (GKS o6lasS 2F 59vQa .La Ly:adaSanNg
BIM technologies with planning tools to pide the quarry with a more comprehensive and efficient planning tool.

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, conggféinility management into one of the main digitization
opportunities br the quarry and mining industry.

> >

p>N

3 https://biblus.accasoftware.coreg/lasdimensionesletbim/
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3 BIM Modeldevelopment

As a first and most important preliminary task for carrying on our work, it was imperative to have a quarry 3D model
availah S® C2NJ a2YS 2F GKS LIt 2needadkobSderelopedkby APP bdfode\cddverting khém Ol &
to IFC for their use in the project. Therefone; team successfully executed the creation of comprehensive 3D models for

each pilot siteThe generation of these models was intricately guided by theifspdocumentation procured for each

site, ensuringa comprehensiveepresentationof all quarry assets and line with the unique characteristics of the
individual locations.

3.1 Gathering Prject Information

In the process of crafting the 3D models, eambased its work om diverse array of materials. These encompassed
crucial data sources, including

A Drone flight images: All topographic models were meticulously constructed within netihates, thereby accurately
reflecting the quarry's geographigaositioning. This precision was achieved by integrating data derived from the drone
flights generated by "WP1: Towards the Digital Innovative Quarry," ensuring an alignment with theinggreojett
objectives] 2 6 SASNE A G Qa A xshdlinie dakadoSmoieds inieradéd$or 4DmIMplanning in quarrying
and mining industries can present certain challesiiese gatic drone data captures the site at a specific point in time.
Any temporal changes to the quarry, such as excavation, stockpiements, or changes in terrain due to mining
activities, will not be reflected in the static modat should be updated witturrentdata when neededlhis will be
explained more in detiain sectiord.3.

A CAD plansFor some of the pilot sites we réoed DWG files containing accurate geometrical data (plans and
elevations) of the treatment plant assets. These drawings were then used to construdtitheesional geometry.

A Photographs fron the quarry Pictures of the treatment plant assets were avdddor all sites, and were used as
support documentation to corroborate the assets' positioning and characteristics.

A 3DModels For one of the pilot sites, it was possible to receive alneadielled 3D elements of part of the treatment
plant, whichfacilitated the model development works. These models had to be audited, simplified and converted into
other formats to incorporate into the complete quarry model.

A Process Schemes: Pilot site tsashared their process scheme graphics which were necessatiye 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 ® Model Geometry

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

Even though several software were employed in the Model development process at different stages (topographic model,
converting different formats, creating volumesrfra@alculations, etc.Yhe final editable model filgype sdected wasa

Revit document, offering a convenient and adaptable platform for future modifications and iterations, thereby enhancing
the longterm usability and sustainability of the project outphe resultant models were comprehensive, encompassing

the entirety of treatment plant assets, terrain surfaces, and stockpiles, where applicable, thereby proeidimg a
representation of the site's features.

Il cA 4101003750 30 Novembe2023
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Drawings &* 1 5 ' E
==
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Quarry Elements Identification

Process
schemes

Site Data

Figure3. Geneal BIM Models Development Process

3.3 Incorporating Assets &

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

= Proceso grafico =l
P T
Al ==

D- =3
P i

l'—wg'

.Enmhﬂ,cumamwrada j
[l Térmico, Comp. abierta, niveles
[Jrir6n

[l vesvio Bandas

[ Falio detector de velocidad

Figured4. Example of Process Schemes from pilot sites (Valdilecha)
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3.4 BIM Standards: COBie and Level of Detail (LOD)

Thetwo main BIM caceptsconsideredor model development goals were the LOD and the COBie exchange format.

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

Since this is aoacept born in the ACE industfihie American Institute of Architects (AlA) has developed a standard
classificdon system for LOD that ranges from LOD 100 (conceptual design) to LOD-tadl, @sconstructed), with
each level representing a specifagdee of development and detdil) LOD 100 represents conceptual design, where the
model elements are represted in a generic form with approximate quantities, size, shape, location, and orienf2tion
At LOD 200, the model elements are representegexseric systems or assemblies with approximate quantities, size,
shape, location, and orientation. Ngraphicinformation may also be attached to the model elemp(@sTheLOD 300
level represents elements as specific assemblies that are accuratemis ¢ size, shape, location, quantity, and
orientation. The elements are modelled with connections to othdding systems, and the information may include
specific norgeometric data (4) AtLOD 400, the model elements are detailed and prewigh, precise assemblies,
accurate quantity, size, shape, location, and orientation. It includes information ontfabrieasembly, and detailed
informatiory and finallyLOD 50Qvhichrepresents the actual asuilt conditions, where the model elementpresent
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 withi
a BIM modé After some considerations were taken regarding the available data on each pilohesiteyel of
developmentintegrated into the modelensures a minimum level of LOD2Mith the specificity and comprehensiveness

of the received informatian

COBie, Wwich stands for Construction Operations Buildidgrmation Exchangés a norproprietary data format for the
publiation of a subset of building information models (BIM) focused on delivering asset data as distinct from geometric
information. It is typially used in the context of Birojectsfor the efficient exchange and sharing of information related

to facility mamagement and operatiorCOBie serves as a standard format for the exchange of information during the
different stages ddproject, faciliating the transfer of important data betweelifferent phasesnd the ongoing operation

and maintenance of a facilitit ensures that the information is structured and organized in a way that is easily accessible
and usable by facility managers, ownarg] other stakeholders over the entire life cycle of the building.

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

s | & .
- o = 3 H é E 5 g
g g E | s |z | £ | £ | & | 8| ¢ . 5
© E z 8 2 : = H £ = 5 3 B = g
5 i & = 3 g g i 5 ;) 5 2 g 5
. = - gl [ @ v a8 - 8~ n &~ 3| ~ hd = " - T g v < 7 < 7 _ hd
Conveyor Belt_368479 2022-10-1[Conveyor |n/a n/a Autodesk|lfcDuctSe(69be03cain/a 012 nia n/a n/a Conveyor |n/a n/a
Conveyor Belt_368574 2022-10-1[Conveyor |n/a n/a Autodesk|lfcDuctSe{69bel3cain/a 012 n/a n/a n/a Conveyor |n/a n/a
Conveyor Belt_368757 2022-10-1|Conveyar [nfa nia Autodesk|lfcDuctSei69be03cain/a 012 nia n/a n/a Conveyor |nfa n/a
Conveyor Belt_368947 2022-10-1[Conveyor |n/a n/a Autodesk|lfcDuctSe(69be03cain/a 012 nia n/a n/a Conveyor |n/a n/a
Conveyor Belt_369259 2022-10-1[Conveyor |n/a n/a Autodesk|lfcDuctSe(cfféabf2-a(n/a 012 n/a n/a n/a Conveyor |n/a n/a
Conveyor Belt_369295 2022-10-1|Conveyor |n/a n/a Autodesk|lfcDuctSe(cfiBabf2-a(n/a 012 n‘a n/a n/a Conveyor |n/a n/a
Conveyor Belt_370400 2022-10-1|Conveyar [nfa nia Autodesk|lfcDuctSelcfidabf2-aln/a 012 nfa n/a n/a Conveyor |nfa n/a
Conveyor Belt_370514 2022-10-1[Conveyor |n/a n/a Autodesk|lfcDuctSe(cffBabf2-a(n/a n/a nia n/a n/a nia n/a n/a
Conveyor Belt_370641 2022-10-1[Conveyor |n/a n/a Autodesk|lfcDuctSe(cfféabf2-a(n/a n/a n/a n/a n/a n/a n/a n/a
Conveyor Belt_371209 2022-10-1|Conveyar [nfa nia Autodesk|lfcDuctSelcfidabf2-aln/a 012 nia n/a n/a Conveyor |nfa n/a
Conveyor Belt_371391 2022-10-1[Conveyor |n/a n/a Autodesk|lfcDuctSe(cffBabf2-a(n/a 012 nia n/a n/a Conveyor |n/a n/a
Conveyor Belt_371499 2022-10-1[Conveyor |n/a n/a Autodesk|lfcDuctSe(cffBabf2-a(n/a 012 nia n/a n/a Conveyor |n/a n/a
Conveyor Belt_371704 2022-10-1|Conveyor |n/a n/a Autodesk|lfcDuctSe(cfiBabf2-a(n/a 012 n‘a n/a n/a Conveyor |n/a n/a
Conveyor Belt_372032 2022-10-1|Conveyar [nfa nia Autodesk|lfcDuctSeldf2dcBbe-in/a 012 nia n/a n/a Conveyor |nfa n/a
Conveyor Belt_372350 2022-10-1|Conveyor |n/a n/a Autodesk|lfcDuctSe(df2dcGbe-{n/a 012 nfa nfa n/a Conveyor |nfa n/a

Figureb. COBie File Example. Valdilecha.
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3.5 Pilot Sites
3.5.1 CEMEXaldilecha

Forthe 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 procesaethédentify each element. Therefore, the

3D Model containsemeral 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 taltHeamwell. The overall

model was developed in Autodesk Rawil it combines the treatment plant assets, the mobile machinery involved in the
LINEOSaasSas FyR GKS OdzZNNBy(d G2L12IANILIKE o6flad dzZLRIFGS FNR

Figure6. Valdilecha Treatment Plant and Moiilachinery 3D Model

Figure?. Valdilecha TopograB8D Model
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3.5.2 HOLCIM. Pioltello San Bovio

Similarly, ér the Pioltello San Bovio quarry, we built the treatment plant 3D model basdbpe flight images, general
photos from thequarry, 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 \asibémtrelant

assets, without detailed elements connections. The pilot site also shared an identification list for all conveyor belts and
some treatment plant assets, which was used to corroborate information fromistin@lyavailable data and the press
scheme. The overall model was developefutodesk Revit and it combines the treatment plant assets and the current

G212 3INI LKE oOfFad dzaJRFGS FTNRBY 2tm RNRYS TFfAIKiGQa REGIHOO®

Figures. Pioltello San Bovio Treatment Plant 3D éllod

Figure9. Pioltello San Bovio Topograg@ixModel

Il cA 4101003750 30 Novembe2023 Pagel6 of 76

DEQ_D4.5_APP_V0.4 20231130



D4.5 BM - Phnning4Dfor all the pilots

Dissemination levePU

DIGIECOQUARRY

3.5.3 CIMPOR. AgrepeAlenquer

In contrast with the two previous sitesy the AgreporAlenquer quarry, detailed drawings of treatment plant assets were
available, which madé possible ¢ 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 nebevas develped in Autodesk Revit and it combines the treatment plant assets and
GKS OdNNBy (G (2L123INILIKE oflad dzZIRIGS FNRBY 2tm RNRYyS FfA:

Figurel0. AgrepofrAlenquer Treatment Plant 3D Madel

Figurell. AgrepotAlenquer Topographic 3D Model
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3.5.4 VICAT. Fenouillet

The starting point for developing 3D Models for the Fenoudlgtling plantvas inherently different and without a doubt
the most advantageous. In Fenouillet, there was an oldéy féuictioning treatment plant, and a new washing plant was
AyadlrttSR y2G a2 t2y3 32 a ¢Sttt dbRtofmllanymoley F2NJ G KS gl

For the original treatment plant, the modelling process was very similar tonéh&am Pioltello San Bovio: we built the
treatment plant 3D model based on drone flight images, general photos froradyxding plantand the grphic process
scheme to identify each element (detailed or general drawings of the treatment plant assetotavailable either).

For the new washing machine plant, they were able to share already existing 3D Models of all assets, which made the
proces much faster. The models were receive@BBPRT 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 witKtS O dzNNBy & (2 L12 IANI LK & o f I a4 (BedusiRdf theSypddl2 ¥ 2 |
work that wasto be developed, all the present stockpiles were also individually modellenblnacoded

-
B
| §
1 2

Figurel3. Fenouillet Topographic 3D Model with Stockpiles
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3.5.5 CSIMammendorf

Regarding the Mammendorf quarry, we were able to create the topographic model based on the drone flight

documentation from WPAs for the rest of the sites, the model was created in Autodesk Revit and then converted to an
IFC file.

Figureld. Mammerorf Treatment Plant 3D Model.

Figurel5. Mammendorf Topographic 3@odel
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3.6 BIM Models IFC Conversion

In the realm of construction and desigimd, adBBuilding SMART Internationfines itanIFC file, or Industry Foundation
Classes file, tm standardized, digital description of the built environment, including lysildimd civil infrastructure. It is
an open, international standard (ISO 1613%018), meant to be vendaoeutral, or agnosticand usable across a wide
range of hardware devices, software platforms, and interfaces for many different use cases.

The fundmental purpose of an IFC file lies in its ability to facilitate seamless interoperability and data exchange between
various séiware applications, enabling effective collaboration and coordination among different stakeholders involved in
the lifecycle ofa projector facility This standardized format serves as a bridge between disparate software systems,
ensuring that criticahformationaboutthe facilitys 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 represgpen atandardor the exchange of

building information models (BIM) in the architecture, engineering, and construction (AEC) industry. IFC is developed and
maintained by buildingSMART International, a-piaiit organization that aims to improve the exchange of inféiona

between software applations 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 theAEC industry, where var®gpecialized 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 indstry, 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 sbfare and technologies ewa, having a standardized data format also ensures that information
remains accessible, which is why the use of a standard like IFC alqdsdpgedata over the long term.

In the mining and quarryirggector, particularly wiiin the context of quarrypmerations, IFC fileuldplay 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 IFGe§ilwere derived from the iginal editable Revit file8y
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 operafpiomgosed alonghe project

In the contet 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 XHNliffefidreésy

between these expopossibilities 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 buildirigformation. IFC XML, on the other hand, presents the data in a more headable

format, which can be advantageous for certain analytical tasks.

Based orthe specific requirements of the project, the level of detail needed the compatibility with #htarget software
applications(acknowledging that none of these were built specifically for the mining and quarrying sector), it was
concluded that the mosippropriate export optiofior the project was IFE Therefore, alpilot site models created were
exported from Autodesk Revit 2024 to IFC 4 format files for their future use.

4Building SMART International: https://technical.buildingsmart.org/standards/ifc/
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91 #83=IFCDERIVEDUNIT((#79, #8680, #81, #82), . LINEARFORCEUNIT., $);
92 #84=IFCDERIVEDUNITELEMENT (#28,1);
93 #85=IFCDERIVEDUNITELEMENT (#21,1);
G4 #86=IFCDERIVEDUNITELEMENT (#34,-2);
95 $#87=IFCDERIVEDUNITELEMENT ($#21,-2);
96 #88=IFCDERIVEDUNIT( (#84, #85, #86,#87) , . PLANARFORCEUNIT., $);
97 #89=IFCUNITASSIGNMENT ( (#21, #22,#23,#27,#28, #31,#33,#34,#35,#37, #41, #45, #48, #50, #51, #52, #53, #54, #55,
98 $90=IFCAXIS2PLACEMENT3D (#3,5,5);
99 $91=IFCDIRECTION((6.1230317691118863E-17,1.));
100 $92=IFCGEOMETRICREPRESENTATIONCONTEXT ($, 'Model', 3,1.0000000000000001E-05, #90, #91) ;
101 $93=IFCGEOMETRICREPRESENTATIONSUBCONTEXT ('Axis', '"Model"', *,*, *,*, 492,53, .GRAPH_VIEW.,3);
102 $#94=IFCGEOMETRICREPRESENTATIONSUBCONTEXT ( 'Body', 'Model"', *, *,*,*, 92,5, -MODEL_VIEW.,$);
103 $95=IFCGEOMETRICREPRESENTATIONSUBCONTEXT ( 'Box"', '"Model", *, *, *, *, #92, 5, .MODEL_VIEW.,3);
104 $96=IFCGEOMETRICREPRESENTATIONSUBCONTEXT (' FootPrint', 'Model',*,*,*, *, $92,5, .MODEL_VIEW.,$);
105 #97=IFCPROJECT (' 01Br2cd8L2peZP40oxXON_7"', #20, 'Project Number',$,$,'Project Name','Project Status', (4
106 #98=IFCPOSTALADDRESS ($,$,5,%, ('Enter address here'),$, 'London’', 'London’,'', 'United Kingdom'):;
107 #99=IFCBUILDING ('01Br2cd8L2peZP4oxXON_6',420,"'',5,5,#16,5,"'", .ELEMENT., 5,5, #98);
108 #100=IFCCARTESIANPOINT((0.,0.,770.));
109 $101=IFCAXIS2PLACEMENT3D(#100,5,5);
110 #102=IFCLOCALPLACEMENT (#16,#101) ;
111 $#103=IFCBUILDINGSTOREY ('3ZuSBvOLOHrPC10026FoQQ", #20, 'Level 0',$, 'Level:Circle Head - Project Datum'
112 #104=IFCCARTESIANPOINT((0.,0.,800.));
113 #105=IFCAXIS2PLACEMENT3D(#104,5,%);
114 $#106=IFCLOCALPLACEMENT ($#16, #105) ;
115 $#107=IFCBUILDINGSTOREY ('1520v90RiHrPC20026FoKR', #20, 'Level 1',5, 'Level:Circle Head - Project Datum'
116 #108=IFCCARTESIANPOINT((0.,0.,830.));
117 $109=IFCAXIS2PLACEMENT3D(#108,5,5);
118 #110=IFCLOCALPLACEMENT (#16,#109);
119 $#111=IFCBUILDINGSTOREY ('3gN9vBYXDCBBok_iTMLc93',#20, 'Level 2',$, 'Level:Circle Head - Project Datum'

Figurel6. Example of data structures within IFC files (Valdilecha)
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4 4D BIM Planning TimeLocation Planning

In contemporary construction and pest management, the synchronization of 3D models with project schedulesdras
crucial redefining the efficiency and precision of project execution. This seamless integration of vissehtafiwas and
temporal scheduling not only optimizes resouatiecation but also mitigates potentiatialconflicts and delay§.he
main objective of testing 4D BIM Planning in the mining and quarrying sector, in the context of DE@aldzdetdle
efficacy and applicability of this approach withiis ihdustry.

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

The final output of a 4D BIMan is a comprehensive and dynamic project management tool that integrates 3D
visualizations with timeelated data, enabling stakeholders to visualizedperationalprocess over time. However, it is
important to note that the term "finalis alwaysubjective in th@perations management contexthile the 4D BIM plan
represents a sophisticated and detailddualization of thesse's timeline at a particular stage,remains subject to
updates and modifications as tk#e evolves Asnew information becomes available and adjustments are made to the
site, the 4D BIM plan may undergo revisions and updatesfiect the latest developments accurately. Hence, while the
4D BIM plan providegapresentation of theuarry lifecyclgit is essential to acknowledge its iterative nature, emphasizing
the need for ongoing updates and refinements to align with tlodvangsite requirements and objectives.

4.1 WorkProgrammeDevelgment

One of the main objectives of our project scopiesed to streamline project schedules from different software into one
centralized systemrHowever, inndustries or environmentike the quarrying sectpmwhere change occurs at a slower
pace and prdictability is higher, planning and scheduling areroftiore straightforward and follow more stable patterns.
This stability allows for long&erm forecasting and relatively static project management stratelgig¢lsese contexts, the
focus is often on@timizing existing processes and maintaining steadgiyation levels, rather than responding to rapid
or unpredictable changes, as commonly encountered in dynamic industries or environments.

For this reason, wiaaced a challenge initially as the pilogsitidn't have proper project scheduleith detailedactivities
and timeframesThe only available informatioin some casesyas a monthly or annual production gehket.To tackle
this issue, we gathered information from various sources and craftedisies tailored to the uniqgue demands of each
site. This involved thorough research and leveraging data from open sources, alosgmeimsights gathered directly
from the pilot sites.

For the centralization of the schedules, we utilizeia Poweproject, as it stands aan advanced planningpftware
designed to assist with project planning, scheduling, and resource managédmentf the key factors that led us to
choosethis particular toolfor this project was its robust Building Information Mddgll(BIM) modulewhich offers
numerous benefits, suchs enhanced visualization, improved coordination, and increased efficiency throughout the
projector facilitylifecycle. By leveragirnts BIM capabilities, we were able to gammprehensive understaimg of the
spatial relationships and logistical coexities within thepilot sites facilitaing abetter-centralisedscheduling system.

Moreover, it was important to select a tool thatllows for detailed planning;onsideringspecific constraints and
contingenciesas well asesource management capabilitibsit help in optimizing the utilization of crucial resources such
asmobile machinerythereby enhancing overalptimization possibilities faperational efficiencylhe software provides

the posibility of reaktime tracking, customized reporting systems and several 4D visualizet@s. The use of the
different toolswithin the selected softwarearies depending on each pilot site's conditions and requirements, so not all
LIAf 20 aA adifgioolsvere equatt approached or detailed.
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4.2 Available Data from 3D BIM Models

As mentioned beforeht Industry Foundation Classes (IFC) file format is often used to represent the 3D model data in a
standardized wayTherefore, this is the 3D Mod&rmat used for the 4D IB!l 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 otherwliere are somkey types of data that ocbe extracted from

an IFC model for 4D planning

1 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 strusfttime building.

1 Productand 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 eaatlement in the project.

1 TimeBased 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 datas fundamental for 4D plaing, where the temporal aspect of the project is integrated with the 3D
model.

1 Resource Information: Some IFC models may include information about the resources (human, equipment, or
material) required for each activity. This denused tooptimize resource allocation and simulate the impact of
resource availability on the construction schedule.

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

9 Visualization Data: While not directly related to 4D planning, the 3D geometry in the IFC model is crucial for
creating visualizations that aiduinderstarding 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 relevanniationgathered 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 folloapters). 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 deciking.

4.3 Integrate WorkProgramme with BINModels

Fa linking 3D models to a schedule, timost important factor forensuring a seamless integratiprocess is having
adequate IFC models in correct coordinate systmaccurate spatial alignmer-or some of the sites, several models
were createddependirg 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 sumedtiel contais distirct 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 tespaig activities or

tasks in the schedule. This granularity is crucial for facilitating detailed resource allocation, and accurate visualization.

Lastly, usinghodels with correct data structures is imperative for ensuring data consistency andyiritegrichout the
linking process. Correct data structures in the 3D models enable the seamless extraction and synchronization of relevant
informationwith the corresponding elements in the project schedule. Adedilhed data structure facilitates streéined
data mapping, enhancing the accuracy of information transfer between the 3D models and the sdiiededwer,
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correct data structures facilitate the automation of repetitive tasks during the linking process, enabling the user to link
model objects ad schedie 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 visudhegproject's development and pinpoint potent@dashesefore they escalate

into critical issuesln 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. Dependhng tgpe 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 extraugjdnealo
exploitation period.

On the contraryeven 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 dedealepadct

only up to the point where they can bring value to a project, avoiding heavy documents and unnecessangreéfbae,

even though mobile machinery datasavailable and could be represented in 3D modielsas decided that efficiency

and 4D BIM Plaming filQ &  dzahiadbtd lie ApiiioBtisedso mobile machinery data was put to better use as project
resources taking advantage of all its related data faass haulage and programme calculatiorsis process will be
developed more in detail in the cesponding pilot site.

e ™

Correct Coordinate
System

4 ™

«— >

Distinct and Identifiable X . Project Activities
IEC File Assets ink Model & Schedule File
Activities
>
Carrect Data Correct Data

Structures Structures

. v . J/

Figurel7. Work Programme and 3D BIM Models Integration

4.4 AvailableData fromd4D BIM Planning

A 4D BIM Ran, which integrates 3D models with scheduling data, serves as a comprehensive and dynamic project
management tool, offering a wealth of critical information thatpertinent to efficient and effectiveperational
managementBased on the available informatiand the developed schedules and modeaimes of the key information

that canbe extracted fronthe 4DBIM Planning tooiscludes:

A 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 facditetesprehensive
understanding of the excavation and material extraction processes, allowing stakeholders to visualize the movement
of equipment, mining activés, 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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A Equipment and Resource Allocation Monitorifigrough the 4D plan, informati@boutthe allocation and utilization
of equipment and resourcesan be extracted, thereby facilitating the monitoring of resource efficiency and
productivity. Extracted data on resource utilization assists in identifygag for potential optimization, ensuring the
streamlined operation of the quarry and maximizhng output of the mining activities.

A Project Progress Tracking and Schedule Adherence Asses3imenigh the 4D plan, stakeholders can extract
informationabaut project progress tracking and the assessment of adherence to the predefined project schadule.
includes the visualization of completed mining phases, ongoing operations, and any deviations from the planned
schedule. Extracted data on project progresids in identifying potential schedule delays, facilitating timely
intervention, and ensurindné timely completion of the quarry exploitation project within the stipulated timeframe.

4D BIM Planning

N N
@@ (> @ o,n.j' (>

Spatial and Temporal Visualization Resource Allocation Monitoring Progress Tracking

Figurel8. 4D BIM Planning Data

The information extracted from the 4D BIM Ptam be obtained in various formats, enabling its effectiiigation and
analysis byhe stakeholders involvedBased on the nature of the project, the two output formats utilized to extract
information fromthe 4D BIM Planning for each site are:

A Graphical Formats (Images and Videos): Information from theadDcah be extracted in the form of images and
videos, providing stakeholders with a visual representation of the quarry site's spatial laythé prafjression of
operations over timeThe video format provides a continued simulatibthe site progresswhile the images can be
SEGNI OGSR & + aCtALIB221¢ GKIG LINRPGARSa GKS SEFOG adl

A Spreadsheet Forats (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 CSSe(zoatath

Values) or Excel. These formats itatd the organization and tabulation of quantitative data, allowing stakeholders to

perform indepth analysesgenerate statistical reports, and conduct trend analyses for informed deciaking and

strategic planning.

As mentioned, the 4D BIM Plannings developed using Asta Popreject BIM, so all the extracted information was
obtained using the software tibase and visual capabilities. Each of the sites has a different scope of work, so detailed
information on the extracted data will be availabl¢hieir respective sections
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4.5 Pilot Sites

The table below shows a summary of the works performed in each gilttesites regarding the 4D BIM Planning
developmentThe table will be followed by detailed descriptions of these waotéithe results obtaiad.
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Tablel. 4D BIM Planning Scope of Works

Pilot Site 4D BIM Schedule 3D Model Resource BIM Progress Mass
Planning Development Development Allocation Simulation Control Haulage
SoWw
Valdilecha Longterm Documentation
plan Phase
Exploitation
Phase a a a a a
Restoration
Phase
Pioltello San Longterm Documentation
Bovio plan Phase
_ a a
Exploitaton
Phase
Agrepor- Longterm Documentation
Alenquer plan Phase
Exploitation
Phase a a a a
Restoration
Phase
Fenouillet Maintenance Treatment Plant
plan Rounds
, a a
Preventive
Maintenance
Mammendorf  Longterm - a
plan
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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 owawork. It
determined that the initial approach, focused on skertn detailed planning for material exploitation and mass haulage,
was not parttularly beneficial. This conclusion was drawn based on the understanding that the quarrying and mining
industries tyjcally do not heavily rely on detailed planning, as elaborated in the previous section of this report.

Consequently, our emphasis shiftedangterm planning, aimed at showcasing the entire lifecycle of the quarry for official
requirements, such as sengipermissionsstudyingthe overall approach for quarry exploitation, and the use of the land
Given the absence of an existing schedukefook the initiative to develop one based on the available documentation,
extensive research, and our understandifithe quarrying and mining sector.

45.1.1 Work Programme Development

The schedule developedncompasses various critical phases, including tleirdentation 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 theqgression of the quarry up to the current day. Thatsospective 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 exhaustsearch efforts.

ID Name Duration Start Finish

Figurel9. Valdilecha: Works Programme (L-o@ign).
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As the project progressed, we divided the quarry into distinct areas that corresponded to the extractiaderdifiesl
These delineated areas were instrumental in formulating the schedule, aidingfteciively organizing our tasks and
activities.Toextract useful information from these areas, we produced volume models fordede volumetric models
played a critical role in our calculations, enabling us to determine the total volume of matdradstractedduring the
performance of each of thectivities, providing ualsowith a clear understanding tfe specific volumeassociated with
eacharea or activity as requirednd the resources needed to exploit them

Figure20. Valdilecha: Quarry Material 3D Model by Areas

In addition, we gathered and included pertinent informatefsout the mobile machinery employed at the quarry
(information obtained from the WP3 partnedata output) Of particular significance wag#wverage volume capaciof
each for which we relied on the machinery specificatifnean 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 patiogsstiaesbf the quarry

status in a given moment. And, since the 4D Planning main goal is to plan the future extraction process, it is imptatahatamorder to recreate

this process with complete reliability, the planning team should work incciiisleoration with gelogists to understand the quarry details and
calculations, so that the volumetric models will be accurate and the schedule will be trusBudtibymore, the limitations associated with static drone
data in the context of 4D BINBpning (and even digl 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 GrabcAamges, a critical
component of the fourth dimension in 4D BIM, are inadequately addressed by static models. The dynamic nature of gitasyaopgités this
concern. Quarry sites are characterized by ongoing activities, including excavab&p#e shovements, aralterations in terrain due to continuous
mining operations. The inherent dynamism of these environments requiogeingapproach that can adapt and reflect réiahe changes. Therefore,

it is imperative to recognize the impontarof performing conant 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. Gikepabe aawlth operational
conditbns can change in quarrying and mining, using static drone data without regular updates introduces the potential fdatimiecaind
misjudgements in the planning and simulation stages. A cautious and adaptive approach is pdoaraunessing theufl potential of 4D BIM in the
everevolving landscape of quarrying and mining projdtts. is a cautionary note that does not, in any case, imply that the volumetric models from the
RNRYS FfA3IKG RFGF | Nl gnQhe cont@igitdgiie ihdst adcitatelidatilrbiat o dd i ket SThe distinction is made to highlight
the fact that this kind of data was used because the 4D BIM Planning was developed (for Cemex aimd réfroppective, so this represented the
available data that could help demonstrate the 4D BIM Planning capabilities and benefits in the absence of detailddigiotgiegular updates of

the drone flight captures.
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Subsequently, weroceeded to assign the identified machinery to the distendtaction activitieswhich were also
associated with the previously extracted volumes from the IFC models. Therefore, each activity biid acdpme of
material to be extracted (iaubic neters), and the work ratat which it could be extractedepending on the associated
machinery (cubieeters/houl). However,in mining operations, the volume @ah m3 isusually only used to measure
material quantities still on the ground, atite standad procedure to measure productiafter blastingis the weght.
Hence the standard unit of mass commonly used to measure the production of aggs€gatiee metric systemy the
metric ton (tonne)soit was important to reflect the task work in thogeits. Therefore, kowing that thetype of rock
present at \dldilecha corresponds to limestoee applieda simple conversion from cubic meters to tofise density of
limestone can vary, but a commonly used value is around 2.7 grams pecenthietre(g/cm3) or 2,700 kilograms per
cubic meter (kg/m3)so we ued 2.7 as our work from task factor (having the task work represented in m3 and the
corresponding work in tonnes).

From this point,dveraging the work rate of each machine and the total task associated with eaaxploitation area
we successfully cagputed the durations for each activity, thereby establishing a more accurate timeline for the project's

execution
D Name Duration Start Finish Resources Work Rate Quantity (tonne)  Quantity (m3)
VAEXTEEO! | Extraction_E1_CUT 12w 05/10:2004 110172005  Colerpilar 390F (117TMRX04) | 2,025.00 Tonne per Hour  128,035.57 Tonne.  47,420.58 m3
VAEXTEE 02 | Extraction E1_FILL ow 05102004 0712200  117MDRO! 1,080 00 Tonno por Hour  48,600.00 Tonne.  18,000.00 m3
VAEXTEEO3 | Etraction_E2_CUT 3w 05102004 0082005  Cotorpilar 390F (11TMRX04) | 2.025.00 Tonne per Hour  297.00000 Tonne  110,000.00 m3
VAEXTEEO4 | Extracbon_E3_CUT 337w 051072004 220002011 Celerpilar 390F (117MRX04)  2,025.00 Tonne per Hour 3,217,205.93 Tonne  1,191,557.75 m3
VAEXTEE 06 | Extraction_E4_CUT A0 05102004 05092014  Colorpillar 390F (117MRX04) | 2,025 00 Tonna per Hour 1,574,882 68 Tonne.  583,269.88 m3
VAEXTEE0S = Extraction E4_FiLL w 22002011 30002011 117MDRO! 1,080 00 Tonne per Hour 585439 Tomne 200422 m3
VAEXTEEO!  Extraction_E5_CUT 680W 05102004 06092018 Geterpilar 390F (117MRX04) 202500 Tonna par Hour  2,124.81392 Tonne  786,968.12 m3
VAEXTEE08 | Extracton_E5_FILL 3w | 05092014 19062015  117MDROS 11,080 00 Tonne per Hour 200,192 49 Tonne. 76,367.59 m3
VAEXTEE09  Extracton E6_CUT 755w 05/10/2004 20032020  Celorpiar 390F (117MRXO4) | 2,025 00 Tonne per Hour 815,821 28 Tonne 302, 156,03 m3
VAEXTEE10 = Extraction_E7_CUT 791w 05102004 07122020  Celorpilar 390F (117TMRX04) 2,025.00 Tonne per Hour  387,92347 Tonne  143,675.35 m3
VAEXTEE 1! | Extraction_E8_CUT BIOW 051072004 07052021  Caterpifar 390F (11TMRX04) 2,025 00 Tonne per Hour 20663834 Tonne  76,532.72 m3
VAEXTEE 15 | Extraction E8_FILL 286 07122020 28012021  117MDRO! 11,080 00 Tonno per Hour  29.70000 Tonne.  11,000.00 m3
VAEXTEE 12 = Extracton_E9_CUT 826w 05102004 260872021  Colerpilr 390F (11TMRX04) 2.025.00 Tonne per Hour  168.014.17 Tonne 62,227 4T m3
VAEXTEE 13 = Edracton E10.CUT  Bi6w 05102004 15062021  HTMRXO1 148500 Tonne per Hour 4162161 Tonne 1541541 m3
VAEXTEE 18 Exracton_E11_CUT 810w 05102004 00072021  Catorpitar 390F (117MRX04) 2,025 00 Tonne por Hour 3330302 Tonno. 12334 45 m3
VAEXTEE 16 | Extraction E11_FILL W 15082021 20062021 117MOROY 1.080.00 Tonne per Hour  7.72014 Tonne.  2.85931 m3

Figure21. ValdilechaResource Allocatidexampléby Activity and Calculated Duration
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4.5.1.2 Work Programme BIM Sinatlon

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 surfacemodelsof the various quarry zongalongsidethe severalalready mentioned/olumes models, ensuring a
comprehensive representation of the entire sife facilitate the creation of the 4BIM Simulation, we seamlessly
integrated all the models generatedegjifially for this purpose into the system, ensuring they were aligned within the
same coordinatsystem with the topographic and treatment plant models

Each model element was meticulously classified and linked to its respective activities, ensin@siyerepresentation

of the entire quarnyfifecycle This comprehensive linking process entailed connecting volumes with their corresponding
exploitation activities, aligning treatment plant assets with their respective installations, and incorporétensoedels

to depict the evolving terrain situation at various stages. This meticulous classification and linkage process significantly
enhanced the comprehensiveness of our 4D BIM Simulation.

Property Value

=

ID 18a3a1b5-5696-4094-..
ParentiD

Domain Other

IfcEntity IfcBuildingElementPro..
IfcType [ IfcBuildingElementPro...
Name ‘ Conveyor CC10
Description Primary

ObjectType Direct Shape:Conveyo...
PredefinedType

Material

)

=

SplitOrMerged Neither

BuildOrder 6

Figure22. ValdilechaBIM Model Roperies

D Name Duration Start Finish IFC Element Quantity (m3)  IFC Simulation
VAEXTEE 0 Exaracson_E1_CUT 2w 05102004 110172005 Exracton_E1_CUT 4742058m3  Excavavon-CUT
VAEXTEE 2 Extracton _E1_FiLL ™ 05102004 0IN22004 Extracton_E1_FiLL 18,000 00 m3 Excavaton FRL
VAEXTEE O Extracton_E2_CUT BPw 05102004 030872005 Extracton_E2_CUT 11000000m3  Excavaton-CUT
VAEXTEE 04 Exaracton_E3_CUT Alw 05102004 Z20820m Baracson_E3 CUT 11901557 75m3  Excavaton-CUT
VAEXTEE 05 Extracton_E4_FILL w Z20020 3008201 Extraction_E4_FILL 204 2m3 Excavaton FRL
VAEXTEE 06 Exaracton_E4_CUT 480w 05102004 05002014 Exracson_E4_CUT 8020088 m3 Excavavon-CUT
VAEXTEE O7 Extracton_ES_CUT 680w 05/1072004 0802018 Extracton_ES_CUT 788068 12m3  Excavabon.CUT
VAEXTEE 08 Extracton_E5 FILL Bw 05002014 19062015 Extracton_E5_FILL 767 5m3 Excoveson-FRL
VAEXTEE 08 Extracton_ES_CUT i 55w [ 05/1022004 24022020 Extracton_ES_CUT 302158 03m3  ExcavabonCUT
VAEXTEE 10 Extracton E7_CUT Totw 05102004 OTH22020 Extracton E7 CUT 1438758 m3 Excavavon-CUT
VAEXTEE 11 Extracton_E8_CUT I 810w 05/10:2004 070872021 Extracton_E8_CUT 18502 72m3  Excavaton-CUT
VAEXTEE 12 Exfracton_E9_CUT B20w 051072004 260872021 Extracton_E9_CUT R4 mI  ExtavatonCUT
VA EXTEE 13 Extracton_E10_CUT " stew 05/102004 150672021 Extracton E10.CUT  1541541m3  Excavaton-CUT
VAEXTEE 14 Extracton_E11_CUT 810w 051072004 050172021 Extraction_E19_CUT 1233445m3  Excavaton-CUT
VAEXTEE 15 Extracton_E8_FRLL I Bw O/1272020 28012021 Extraction_EB_FILL 1100000m3  ExcavetionFRL
VAEXTEE 16 Extracton_E11_FILL Tw 1506:2021 240672021 Extracton_E11_FILL 28531 m3 Excavaton FEL

Figure23. ValdilechalFC Elements linked to Programme Activities

Il cA 4101003750 30 Novembe2023 Page30 of 76

DEQ_D4.5_APP_V0.4 20231130



I , D4.5 BM - Phnning4Dfor all the pilots

DIGIECOQUARRY

Dissemination levePU

Upon completion of the linking process, weorporatedspecific visual settings into both the Gantt Chart and the models
whichwere instrumental ienhancing the overall visualization of the simulation, enabling a more intuitive understanding
of the quarry's lifecycle process from inception to completiopeasur prior calculation3.he culmination of these efforts
resulted in the successful gengom of a comprehensive 4D BIM Simulatibat represented the original Work
Programme.

Figure24. Valdilecha4aD BIM Simulation Flipbk Summary

4.5.1.3 Work Programme Progress Control

To facilitate a comprehensiygogresstrackingmechanism, we initiated a simulation process that not only facsitate
more profound understanding of the progress dynamics within the quarry buheljssin the identification of potential
areas for improvement and optimizatiarnen necessary.

Firstly,we established specific progress period dates, allowing for systaraaking of advancements within the quarry.
These dateshould bestrategically set to accommodate various potential monitoring frequencies, such as weekly, monthly,
or quarterly intevals. For the purpose of this project, we implemented a monthbyfaip systemUtilizing the designated
progress period dates, we systematically incorporated the actual progress made during each designafttcoesiichl
progress considering thatemecreated the quarry lifecycle in regressiof)is data enabtl 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 simultaneatisly a separate register

to log the actual advancements of theagry operations. This feature enabled a comprehensive comparative analysis,
empowering the quarry management team to identify any potential delays, advancements, or activities thad require
modification to meet predefined deadlines or production targetés €omparison process could involve implementing
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various strategies, including resource augmentation to accelerate exploitation rates, modifying operational methods, or
exploring the optin of opening new areas within the quarry.

EA = Extraction Activities 30/04/2007 5955d  31/07/2031 4,670,099.47m3 1,330,661.10m3 100.00 61.28

EAEE-1010  Extraction_E1_GUT  30/04/2007 = 24w | 13/03/2025 47,420.58 m3 100.00 100.00 . aff I
EA-EE-1020 Extraction_E1_FILL 30/04/2007 Ow 04/07/2007 18,000.00 m3 100 00 100 00 61 u
! | i
EA-EE-1040 Extraction_E2_CUT 3070472007 J5w 2710372009 110,000.00 m3 100.00 100.00 62 u—u
=
EAEE-10680  Extraction_E3_CUT  0501/2009 = 310w | 17/08/2015  1,191557.75m3 100.00 100.00 o [
EAEE-1070  Exraction E4_FILL  17/082015 2w | 16/01/2024 2,094.22 m3 100.00 100.00 Bl |
1
EAEE-1080  Extraction_E4_CUT 04012016 = 204w | 01/03/2028 583,289.88 m3 100.00 100.00 ss[H338 |
| [S—

EAEE-1110  Extracton E5_CUT | 07/012018 = 221w | 06/1212024 509,95652m3  187,011.60 m3 100.00 80.00 oo [ [ ]

—_
EAEE-1120  Exraction E5 FILL  30/09/2019 38w | 11/02/2021 76,367.59 m3 100.00 100.00 @l

[=)
EA-EE-1140  Extraction_ES_CUT 0800172024 122w  10/0912029 302,156.03 m3  100.00 i

=
EAEE-1160  Extraction E7_CUT | 08/01/2024 | 316w | 07/06/2030 143,675.36 m3 | 100.00
(=

Figure25. ValdilechaProgress Control Chart and Gantt Chart with Original Baseline

The dynamic integration of this progreésscking mechanism is further enhanced by its visibleesgmtation in the 3D
models. By comparing the baselidata 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 analysisdsohonly ai
visualizing the actual advancements in the guardevelopment 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, therdhgilitating more informed decisiemaking for optimal project

management.

Figure26. ValdilechaProgress Control 4D BIM Simulation with IFC Comparison Model

IFC Comparison Model
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4.5.1.4 Mass Haulag

Building upon the comprehensive data integration and analysis outlined earlier in the report, thisdestidres the
critical aspect of resource allocatiand mass haulage studiegthin the quarry operationfor Valdilecha

After the inclusion ofnobile 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 activitiscondwcted based on the collective expertise and knowledge of the company professionals
incorporating industry insights and the accumulated wisdom of the quarry operatidims.context of DigiEcoQuarry, the
process of resource allocation was executed byAfireteambased 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 compdtedtiens 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 advampéthphnd 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. Thisigdtlighted
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 potentlwork conflicts that necessitated resolution.

Based on that information, a more detailed resource allocation study was performed based on a partial schedule from the
longterm 4D Planning, to obtain a more accurate strategy for resource optimizat®fol®wing image depicts the
outcome of the mashaulage strategy incorporated into a tidoeation graphic. To maintain consistency with the 4D BIM
longterm planning strategy, Mass Haulage was developed as a detailed study of a specific timefram20@80Re]an

2025) within the longerm plan, using the same working areas as location references (Area A, B, C, etc.). These areas are
represented on the J4xis for both graphics on the left side of the analysis.

2 Activities Lines

Resource Group 1 [Excavator & Wheeloader] ———> Resource Group 1 -Work Direction

Legen

—————— Resource Group 2 -Work Direstion
——————— Resource Group - Work Direction

I Resource Group 2 [Excavator & Wneelloader]
I Resource Group 3 Excavator & Wneelloader]

Figure27. Vatllecha: Mass Haulage and Time Location Plan.

Il cA 4101003750 30 Novembe2023 Page33of 76

DEQ_D4.5_APP_V0.4 20231130



D4.5 BM - Phnning4Dfor all the pilots

Dissemination levePU

DIGIECOQUARRY

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 tfbiseshows the timéocation

planning scheméalso based oan X-axis based on the designated areas), which focustt®ednryear period displayed in

the Yaxis. Additionally, to represent a more precise diagram,-thes¥is divided into weeks (these #ne horizontal lines

that cross the full digram) for time precision.

|

s e

Area G Area | Area J - Area K Treatment Plant

Figure28. Valdilecha: Mass Haulage Diagram by Areas.

To optimize the haulage scheme, three resource groups were created. So, as shown in the legendtimmiipath of

the page, the plannedctivities are represented as colayded 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 periodsrespond to the duration calculations performed for the 4D BIM Planning (using
machinery work rates, area volumes, and material characterstiesChapter 4.4.1.1.). The graphic also showcases color
coded arrows that$ LINB & Sy & (G KS NB dedtdrSsBEE m@dhens Ja Q 62 NJ] R

Areal Treatment Plant

T o [ o | omms | sere | Ammw | sims | amms | weres | mend | mem | resed
SEEEEREEEF P

2 Activities Lines
ga _ Group e = ~ =————— Resource Group 1 - Work Direction
3 _ Gmupz' : 2 x| Treatment Plant - Malnl-anem:e —\ Resource Gmu: 2 - Work Direction
| Group 3 5 I =tment Plant- Working ——————+ Resource Group 3 - Work Direction
Figure29. Valdilecha: Timeocation Diagram by Areas (weekly).
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45.2 HOLCIM. Pioltello San Bovio

Our involvement at the second site commenced with discussions and cdogsltaith the site's team to delingathe

scope of our work. Subsequently, it was agreed, for similar reasons to the previous site, the adoption-terian long
approach to the 4D BIM Planning was deemed most appropriate. This decision was reinforeeslitbis thistinctive
operational cheacteristics, notably the predominant use of conveyor belts for material transportation and the consistent
rhythm of productionwhichrendered the implementation of a shedrm planning approach less practical.

Given he absence of an established schedatlthe site, we undertook the task of craftingark planimplementing the
sameapproach employed at the earliguarry.

45.2.1 Work Programme Development

Similar to the approach undertakan Valdilechathe development bthe work program at theecond site followed a
comparable process. The resulting schedule primarily focused on delineating the documentatiamg@hlsextraction
or exploitation phase. Notably, the absence of information regarding a rehabilitati@sephendered this phase
inapplicable to the site's specific context.

Name Duration Start Finish LLLLL L i b g
>3

16,1 17,33,49\65:81,97, | | | | | L0 [

= Documentation Stage 170d  10/06/2013 18/02/2014 1

Ana

ey

Earthworks A1 - CUT 16/05/2014 08/08/2014

Assets installation - Section 1 10w 04/03/2014 15/05/2014

Assets installation - Section 2 . 6w 20072015 | 280812015

Quarry ready for extraction . . 16/05/2014 . 16/05/2014

= Extraction Activities | 1504d 5.52h  16/05/2014 26/06/2020

Stock Piles_TP 300w 469d | 16/05/2014 26/06/2020

| Stock Pile_20 . 0w 02122014 | 170712015

| North-East road ' 45w 0211212014 | 0211172015

North Water Line 100w 16/05/2014 26/05/2016

I South pile I ISw. 0211212014 . 30/03/2015
West Terrain 625d| 25/07/2016 11/02/2019 20,

Figure30. Pioltello San Bovio: Works Programme (temg).

At the Pioltello San Bovio site, the unique nature of the quarry's exploitation method, proeatédyed 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 unfezrgbielinhiting

the availallity of pertinent data. Consequently, the activities associated with this site were conceptuatired
generically allowing for flexible durations and opended timelines. This adaptive approach was essential in
accommodatinghe site's unconventionalperational requirements and ensuring a pragmatic scheduling framework.

Il cA 4101003750 30 Novembe2023 Page35 of 76

DEQ_D4.5_APP_V0.4 20231130



D4.5 BM - Phnning4Dfor all the pilots

Dissemination levePU

DIGIECOQUARRY

e |

Model Area

B

7

ot

Exploitation Area
Dredging

Pt

Figure31. Pioltello San Bovio: Exploitation Area
4.5.2.2 Work Programme BIM Simulation

The development process at Holcim's quarry sitevied a similar trajectory to that of the Valdilecha quavke
integrated the various BIM modétdo the mairplanningfile, ensuring a comprehensive representation of the site's layout
and infrastructue. Although the creation of volume models was padsiblefor 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'slifecycle

Upon conpletion of the linking process, specific visuddaements were incorporated into the Gantt Chart and models,
amplifying the overall visual representation of the simulatishich facilitatesa more intuitive grasp of the quarry's
lifecycle The culmindbn of these efforts resulted in the successfuhgration of a holistic 4D BIM Simulation that
portrayed the original Work Programme, despite the unique constraints posed tpyatiry sitein question

sl A
EIRI 67

Figure32. Pioltello San Bovio: 4D BIM Simulation Flipbook Summary
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45.2.3 Work Pogramme Progress Control

Given the absence of material extraction activity portrayal in the 4D BIM Planning, the decision was reached to forgo
progress control agtities, as such activities would not have been visibly represented within the simulatoresiut,

only the progress related to the treatment plant installation was discernible, and we deemed this information not
significant or engaging enough for tipearry operations management team.

45.2.4 Resource Allocation and Mass Haulage

At the outset, it wa decidedthat the implementation of comprehensive studies related to mass haulage and resource
allocation would not be pursued at the site. This decision wasapignmfluenced by the distinct operational dynamics
that characterize the site, where theeaiof mobile machinery for material transportation was not employed. Given the
predominant use of conveyor belts for the transportation of materials, the tradittmmsiderations associated with mass
haulage studies wereonsideredredundant. Likewisehe site's operational structure, which relies on a consistent and
continuous production rhythm, led to the determination that resource allocation studies, tygiedinent to mobile
machinery deployment and utilization, were not applicable in this gonte
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4.5.3 CIMPOR. AgrepeAlenquer

Our engagement with the CIMP@Rnaged Agrepeflenquer quarry commenced with-depth deliberations and
consultations aimed at delineating the scope of our woille inour previous experiences, it was determined thre t
initial focus on shorterm, detiled planning for material exploitation and mass haulage would not yield substantial
benefits. This determination was made in consideration of the industry's tendency to prioritizerfonglanning
strategies over inicate shortterm planning methodolgies, as detailed in the previous section of this report.
Consequently, our strategic focus transitioned towards the implementation of a comprehensiterdormanning
approach mirroring that of Valdilechaentredonillustrating the complete lifecyctd the quarry.

45.3.1 Work Programme Development

C2ftft2pAy3a It RATL SOKdr D& AgiehoBlenbider'Wod PragiamiieODedzid#nent, we adopted a
retrospective planning approach to delineate the critical phasekjding documentatignpreparation(access roads
development and treatment plant installatioextractionor exploitation phasend lastlythe inclusion o rehabilitation
phase developed fromestoration insights obtained fromK'S / L a t h wafand kdMR iBtSraliresaarsh

98 (00 02 0f 06 08 ,10 82 14 16 8 20 22 24 26

D Name Duration =
256,128, 1 129 | 257 | 385 513 | 641 | 769 | 897 (1025115312

ISW Stage

1

Zal.
M.
h?

?
& Assets instalistion - Section 1 04
'+ Assets instalistion - Section 2 204 i
4 Assets installstion - Section 3 200
& Assets installstion - Section 4 20d '
33 '+ Extraction Activities 5207d 3.91h 12 W =,
RS 'awwu- 6104 5.5n o =
RS_00_01 Choanfil oporabons ]
_ 57
RS_00_03 Romovl 8 drsposal of wasto matenals m}
|RS_00_04 | Lovoling of bunds )
_ )
19
_ 5
RS_00_08 Development of a free draining stable andform . Jl‘
RS_00_09 Rehabditation of surpius roads and office sites aw JJT
RS_00_010 ' Close vehicular access 1o site 1d JJT
RS_00.03 | Quamy closed 2

Fgure33. AgrepotAlenquer: Programme Structure

For the extraction or exploitation phasédiet quarry was partitioned into distinct areas, facilitating effective task
organization, and we createslume models for accurate masalculationsthat would enrich the planning scheme for
resource allocations and activities duration calculation.
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Figure34. AgreporAlenquer: Quarry Material 3D Model by Volumes and Areas

As metioned, hformation on mobile mehinery was incorporated, and task durations were computed based on
machinery assignments and exploitation aaad volumeanalysis, reflecting our commitment to precise project timeline
establishmentall of this taking it account that the programmeasretrospective exercise airdtial data is not accurate,

but the calculations and simulations were meticulously performed based on the available informbtia@iculations
were done assuming all the machinery retrieweas availabl®0% of the timeAdditionallythe resources work rate was
established based on each machinery technical documents from its manufaahdéng available data retrieved by WP3
partner Abaut regardinmachinery cycles.

As it was done andxplained fortGemex 4D BIM Planningnd knowingas wellthat the type of rock present atgrepor
Alenguercorresponds talluvial depositsGranite, quartzite, metamorphic rogksve applied a simple conversion from
cubic meters to tonsThedensityfor these kinds of rterialscan vary, busincea general range for the density of granite
is approximately 2,630 to 2,750 kilograms per cubic meter (kghe3lsoused 2.7 as our work from task factor (having
the task work represented in m3 and the correging work in énnes).

D Name Duration Start Finish Resources Quantity (tonne) Quantity (m3)
ES = Extraction Activities 138264 2101990 2042046 PC.700,Caterplilar 950M, 30,557,169.30 Tonne

ES 000 Exdrachon_Area | 0Y Ow 210190 2912190 PC- 100, Caterpllar 9500 168,148 30 Yonne 8227715
£5_00.03 Extrachon_Area |_02 52454 1031991 07002012 Doossn DLSS0-3PC-T00 10,368,000 00 Torng 3,840,000 00
£5.00_05 Extraction_Areo_H 87164 10N 199 22042006 Liodhert S36-0TPC700 8,329 500 00 Toone 3,085,000 00
£S_00_07 Extraztion Ara_G v 11031901 20102000 Vehs L350, PC-200 3,106,290 00 Tonna 1,150,700 00
£S5 00 .09 ‘ Extrocton_Areas_F f e 10V 1991 19002051 Cotorpllar 350M PC-700 15551400 Tonne 57558 00
ES_00_011 Extraction_Area_F 100074 11031991 2012031 Desssn DLSSO-3 PC-T00 160,443 90 Tonne 62,757 00
E5_00_013 . Extroction_Area_D 100014 103199 13002056 Licbherr 588-0T PC-200 2.148,500.00 Tonne 745 000 00
ES 00 015 Extraction Area C 12504 1OU1901 10122061 Voho L350 PC-700 4,401 342 40 Tonne 1,630,312.00
£S_00_017 Extraction_Ares_B 137284 103199 23042046 Cotorpllar 950M PC-700  1,811,330.10 Tonne 670,803 00
E£S_00.018 | Ena of Extraction Actes 22042046 23002046

Figure35. AgreporAlenquer. Resource Allocatanmd Quantity (VolumeJalculations.
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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 Sasulatidid for @nex The
topographic and treatment pla@IM models were seamlessly integrated and aligned, accompanied by the inclusion of
Roadsvolumesand surface models specific to the various quarry zones.

Each element was carefully classified kmiced to its respective activitieae connected volumes to their corresponding
exploitation activitiedreatment plant assets with their installatiprocessegetc. Once the linking process was completed

we alsointroduced specific visual enhancem&tat the projectto improve theoverall 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.

WSS

Figure36. AgrepotAlenquer4D BIM Planning Flipbook Summary

In AgreporAlenquer, the 4D BIM Planning development atasfocused on its rehabilitation plan, which showcased the
process from the final pit situation until the restoraghgry area, includinigs treatment plant dismantling, area levelling,
landfill and plantation schem&he restoration or rehabilitation phase was added to the schedule as an additional chapter
and included in the simulation as wdlhe simulations andlaD BIM Planning rdééd dataare available in the Datalake.

@ @@ @ W

Figure37. AgrepotAlenquerRestoration Phasgimulation Flipbook Summary.

45.3.3 Mass Haulage

As previously mentioned, #ike available machinery for Agrepatenquer was applied to the 4D BRlanning as resources

to feed the schedule with useful information and calcusativity durations.Based on that informationyi + | f RAf SOK|
case, aresource allocation study was pentmt based on thiengterm 4D BIM Plaror AgrepoiAlenquerjt was decided

to develop a shorterm schedule (in addition to the lowigrm plan utilized for the 4D BIM Planning)showcase different

mass haulage strategies that could be perforneed he benefits perceived from these depending on the approach in
eachcase.

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 Eitie page).
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Activities. Lines.

-
§ I Fesource roup | Eneovotor & Wheotoste  (RRREREEET 5
S D Resouce Groun 2 [Excavan 8 Wheetooser] [ Worting

Figure38. AgreporAlenguer: Mass Haulage and Time Location Plan.

Contrary to Valdilecha, only two resource groups were created for Aghdgraquer Analysis, retaining it optimum to fulfil

the yearlyproduction requirementsOnce agairthe planned activities are represented atoc-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 exploitatn process will be taking place.

FH T N TR T YT

I3 1 3 B BN N E

EIEAE B O (I A B

HonnAnE

2 Activities Lines
@
E I Resource Group 1 [ & BRem Treatment Plant - Mai Resource Group 1 - Work Direction

[ Resource Group 2 [Excavator & Wheelloader] [l Trestment Plant - Working

Resource Group 2 - Work Direction

Figure39. AgreporAlenquerTimeLocation 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 tltanaltiss and elements that could affect

the quarry extraction progress can be taken into account for a mass haulage diagram, we have factoredayn a 14
maintenance period fothe treatment plant, in which extraction processes are paused as well, scalmdhtions and
schedules reflect a more accurate overall picture of quarry operations. However, thitesinoplan was developed
assuming continuous operations (Chapter Will go more into detail on the risk analysis methodology employed to

calculae possible delays based on unexpected or uncoufmtesituations).

EEER giPianned Cut (tonnes)

Figured0. AgreporAlenquerMass Haulage Histograms
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Our engagement with the Fenouiltetycling planinvolved multiple site meetings tocestain their operational dynamics.
Contrary to the other siteg,was apparent that the team displayed disinterest in both steorh and longterm plannirgy
strategiessince they had more relevant issues that seemed possible to tackle using BIM strategie

A significant hurdle faced by thecycling planpertained to frequent shutdowns of the treatment plant and washing plant
assets due to mechanical faésr resulting in production halt$o address these challenges, we collectively agreed to
implementa 4D BIM Planning approaidtused on developing a work programme centered on preventive maintenance
strategies and implementing comprehensive checkingdesystems for the esite workforce. This proactive approach
aimed to mitigate the frequent machdrny breakdowns, ensuring sustained productmrels,and fostering operational
stability at the Fenouilleecycling plant

The second very important aspdar the Vicat team was to make sure that the tool was easy to use, intuitive and simple
so that e’eryteam member could take pairtit during the dayto-day operations. After some analysis, the request resulted
in the implementation of a mobile app syst that could facilitate the progress tracking limth maintenance activity
types, giving easy a&ss tousers 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 language s A 1 Qa4 Y2NB I O00SaaroftsS G2 GKS arasSqa G4SFHYZ | a
Project.For VICAT's 4D BIM Planning, our team diligently integrated insights provided by VICAT's experts, incorporating
their current maintenance sheets aad exhaustive inventory afctions to be implemented asite rounds. Leveraging

this information, we crafted comprehensive work programme, organizing it into distinct chapters to cater to the diverse
array of requirements, all encapsulated within a singbhesive fitepreventive maintenance programme, and site rounds
programme.

45.4.1.1 Preventive Mantenance

The peventive maintenance programme was thoughtfudlynstructed encompassingll treatment plant assets
necessitating proactive measures, aligned withresponding milestones in the timelif@ each of these action3he
programmeis composed ofepetitive tasks at predetermined time intervals, ensuring optimal upkeep and sustained
operational efficiency.

Based on the received information, a prograenmasstructured by creating grouped tasks by conveyor belts which
contained all the preventive maintenanaetivities that should be performed in each of th@wnsideringts periodicity
and the data that must be recorded after each action to be aldedp complete traceability of the maintenance activities
through time for each componenHence, during eaamaintenanceactivity, the person performing the tasknmark,
besides their data afe responsible persoand that the activity was performed,dtcurrent status of the asset, take
pictures of relevant situations or add notes for the record system.

One the maintenance activity is performed and approved by the respomsdmager, the schedule is automatically
updatedwith one click, and future niratenance activitieare rescheduled neededsaving all the input information in the
system as well.
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2023 L 2024

Line Name IFG product  IFG simulation pr  Component Name  Caracteristiques (FR)  SS% %8S ascet status  Status: Good Status: Acc. Status: Bad / e e e e 0 5
516,17 18 19,20, 21 22,2324, 25,2627 28,2930
: - —
3 3 A - 4
4 | ®Convoyeur AL1 Maintenance O 4=
5 | =Convoyeur AL2 <None> Q fj====s=s -
[3 GRAISSAGE PALIERS Convoyeur L2~ Maintenance  BEARING COVER GRAISSE AKRON XHD 2 (V) Good -] [m] (m] ! ook ‘ I
7 GRAISSAGE PALIERS | ComvoyeurAL2 | Maintenance | BEARING COVER GRAISSE AKRONXHD2 (9 Good [ [a] o || Té 244 ; :
8 | GRAISSAGE PALIERS ConvoyeurAL2 =~ Maintenance  BEARING COVER GRAISSE AKRON XHD 2 O Good [-] (m] (m] ; 82y 12d 4h | :
9 GRAISSAGE PALIERS Convoyeur L2~ Maintenance  BEARING COVER GRAISSE AKRON XHD 2 (¥] Good -] [m] 0 9y 12d4h .
10 GRAISSAGE PALIERS Comvoyeur ALz Maintenance  BEARING COVER  GRAISSE AKRONXHD2 (@) Acceplable 0 ] [a] ! Podtdn 1
1 GRAISSAGE PALIERS | ConvoyeurAL2 | Maintenance BEARING COVER GRAISSE AKRONXHD2 (@) Acceptable &) e =) I [ 1
12 GRAISSAGE PALIERS | ConvoyeurAL2 | Maintenance  BEARING COVER GRAISSE AKRONXHD2 (@) Acceptable 0 ] 8] 1 | 1
13 GRAISSAGE PALIERS Comvoyeur AL2  Maintenance  BEARING COVER GRAISSE AKRONXHD2 @) Bad 0 0 ] | | |
1 GRAISSAGE PALIERS Convoyeur AL2 | Maintenance  BEARING COVER GRAISSE AKRONXHD2 Q) Bad o ] ] { ! j
15 GRAISSAGE PALIERS | ComvoyeurAL2 | Maintenance BEARING COVER GRAISSE AKRONXHD2 (O {Error! 0 [] L] . | |
16 GRAISSAGE PALIERS | ‘Convoyeur AL2 Maintenance  BEARING COVER VGRNSSE AKRON XHD 2 o Good a 8] [m] ; | H
17 GRAISSAGE PALIERS Corvoyeur AL2  Maintenance  BEARING COVER GRAISSE AKRONXHD2 () {Error! ] e 0 .
18 GRAISSAGE PALIERS Comvoyeur ALz Maintenance  BEARING COVER GRAISSE AKRONXHD2 () =) 0 ] ! ! !

Figure4l. Fenouillet: Preventive Maintenance Schedule by component

45.4.1.2 Treatment Plant Checking Rounds

To streamline ofsite operations, the workveeklyroundsprogrammewasstructured 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 schedulesalsotailored for seamless integration indodedicated Mobile App, empowering

on-site personnel with immediate and convenient access to this indispensabEnpawering the designated personnel

with the means to effectively validate asset functidpdhcilitatesthe quick and efficient recoialy of information directly

within the mobile applicatigrallowing users to rapidly input data, such as marking completed checks, updating statuses,
and adding notes, without encountering unnecessary delagsmplications. This feature ensures that grecess of
documenting essential information is seamless and expedinthermore, this crucial data is seamlessly and
automatically synced with the centralized system, perpetliakgdto the respective sset within the 3D model, ensuring
comprehensive documentation and streamlined asset management.

LULD 1
MNovember | December L Januarny

13 120 127 4 11 18 125 B 8 115

4 15 | 16 | 17 | 18 | 19 |, 20 |, 21 , 22 , 23 | 24

Line Name

1

2 | 22023 - Week 48 2@ !

3 | |®Tour de ronde Traitement d'eau 3R, |

4 | [ Tour de ronde Roulé 40, [

5 | 512023 - Week 49 si] {9

6 [# Tour de ronde Traitement d'eau 9ﬁ+i

7 i+ Tour de ronde Roulé A, |

8 | GTourderondeFenculet TR

9 | =2023 - Week 50 . 9@ d

10 | Tour de ronde Traitement d'eau R,

11 | @ Tour de ronde Roulé Lufl,

12 [+ Tour de ronde Fenouillet | 1gﬁ+

13 | =2023 - Week 51 | 13 7d
14 | Tour de ronde Traitement d'eau | 1R,
15 [+ Tour de ronde Roulé _ l 150,
16 | [ Tour de ronde Fenouillet g 16,

Figure42. Fenouillet: Daily CheckiRgunds WeekRjrogramme
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45.4.1.3 Scledule Progress Control Bjobile Appication

The Mobile Apfication system boasts a uséniendly interfacdancorporatedfor simplicity and ease of use. Upon opening

the app, users are presented with a clear overview of available projects, featuring Vicat's Fenouillet Maintenance
programmein this cas. Upon selectinghe 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 thasers are presentedith the most relevant information, whether it pertains to daily,
weekly, or monthly activities.

€ Vicat_Treatment Plant Mai

Q  Search

..k 48\Tour de ronde Traitement d'eau
2023 - Week 48\Tour de ronde Roulé
ventive Maintenance\Convoyeur
ventive Maintenance\Convoyeur AL2
ventive Maintenance\Convoyeur AL3
ventive Maintenance\Convoyeur TR1
ventive Maintenance\Convoyeur TR2

tive Maintenance\Convoyeur TR2 Bi

tive Maintenance\Convoyeur TR3 Bis (_
ventive Maintenance\Convoyeur TR:
ventive Maintenance\Convoyeur TR!

ventive Maintenance\Convoyeur TR

ventive Maintenance\Convoyeur TC1 (

..ventive Maintenance\Convoyeur
..ventive Maintenance\Convoyeur TC3 (

>

>

>

>

>

>

>

>

> ..ventive Maintenance\Convoyeur TR
>

>

>

>

>

>

>

> ..tive Maintenance\Convoyeur TC3 Bi
>

Figure43. FenouilletProgress Control Mobile Ajgjation Taskgroups

Upon entering a selectathapter, the app presents a compegtsive list of activities that require attention. A caloded
symbol system serves as a visual aid, promptly conveying the urgency status of eaah rectifétyoverdue, green for
on time, and yellow for those not raiing immediate attention. Thistiritive system empowers users to quickly discern
and prioritize tasks, facilitating a streamlined review process.

€ Vicat_Treatment Plant Mai.. =— € Vicat_Treatment Plant Mai..

Q, Ssearch Q  Search

v ..k 48\Tour de ronde Traitement deau (i) k 48\Tour de ronde Traitement d'eau (i

Vérifier absence eau compresseur 2023 - Week 48\Tour de ronde Roulé
Current progress 0.00% ventive Maintenance\Convoyeur AL1

o o " ventive Maintenance\Convoyeur AL2
Contrdle fuite pneumatique

ventive Maintenance\Convoyeur AL3
Current progress 0.00%

ventive Maintenance\Convoyeur TR1 (i,
Vérifier le remplissage de la cuve afl...
GRAISSAGE PALIERS
Current progress 0.00 1)
Current progress 0.00%
Vérifier fonctionnement du cycle de ...
NIVEAUX REDUCTEURS
Current progress 0.00'
Current progress 0.00°%
Vérifier absence fuite d'eau dans le |... =
ventive Maintenance\Convoyeur TR2 (i
Current progress 0.00% -
tive Maintenance\Convoyeur TR2 Bis (i )

Fonctionnement du tableau de contr.. ventive Maintenance\Convoyeur TR3 (i)

® ® ® ® ® ®

Current progress 0.00% tive Maintenance\Convoyeur TR3 Bis
Propreté du local Sotres ventive Maintenance\Convoyeur TR4 (i)
Current progress 0.00% ventive Maintenance\Convoyeur TR5 (i )

ventive Maintenance\Convoyeur TR6 (i

Fonctionnement chauffaae local

Figured4. FenouilletProgress Control MobifgpgicationList Figure45. FenouilletProgress Control Mobile Ajgation
of Activities Activity Status
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When delving into a specific activity by clicking on it, users gain access to a detailedwsisgdhe task's progress,
indicating whether it has been completed or not. Relevant gatdnent to the user is prominently displayed, alongside

fields requiring input and additional sections for complementary information such as notes or imatigs.WithaVicat's

specific requirements, users are equipped with buttons to assess thésagtatils 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 trafgdigint for intuitive decisien

making.

(o Milestone Progress —

® Vérifier absence eau compresseur

Planned:100% Previous:0%

Complete 0
Forecast start

Planned start November 17 2023
Planned finish November 17 2023
Caracteristiques (FR)
Veérificateur Technique
Status: Good

Status: Acceptable
Status: Bad

Urgence: 1 jour

Urgence: 1 sem

O
O
(@]
(@]
(@]
=)

Figure46. FenouilletProgress Control Mobile AjationActivity data

Uponcompletion of the assigned tasks, users can effortlessly submit changes, initiating a smooth transmigaiém of da
the 4D BIM Planning system for acceptance. This integration ensures al@bgsptbcess, where esite activities are
seamlessly documead and reflected in the overarching planning system for comprehensive project management.

Urgence —_—
Asset Status . . Urgence: Urgence: Urgence Urgence: November
Line Name Description RAG Asset Status  Status: Go Status: Status: Ba ms >1mois 1mos -1sem dfjour 3 20
4,15 | 16
e
2 | 512023 - Week 48 (®) Q 207
3 | = Tour de ronde Traitement d'eau Q Q Elr|
4 Vérifier absence eau compresseur Check absence of compressor wat O Good a2 O (m] O a (m] O O 4 Q
5 Contréle fuite pneumatique Pneumatic leak check o Good a [m] (m] O a O [m] 0O 5
6 x;lna':' lsrsmphssageids la[cirve’a |- oo s filling of the floating tank (V) Good a o ] [v] a (m] (m] \' 6
Vérifier fonctionnement du cycle de =y = - -
7 floculation (éprouvetie) Check operation of the flocculation (v] Good a O m] [v] ) a O 0O 7
8 ;ﬁg:‘g&ﬁ’f“““ fute deau dansle | oo for water loaks in the Sotres. () Good e w] o (v 0 ] w] 0 s
9 Eg','.‘;lr'f“r::,imem dutablasu da controle Operation of the cabinet control pa 9 Acceptable (@] a (] (V] (m] a a 0 9
10 Propreté du local Sotres Cleanliness of the Sotres premises (7] Accepiable (@] [ ] 0 (7] 0 0 a 0 10
1 Fonctionnement chauffage local Local heating operation (7] Acceplable a a [m] (7] 0 O a 0 11
12 Fonctionnement extracteur d'air local | Local air extractor operation 0 Bad (m] O ] 0 (m] (m] O ] 12
13 Etat moteur pompe & eau Water pump engine condition 0 Bad O (m] (-] 0 (@] ()] (m] ] 13
14 Calcul de la densite des boues en | ¢ c jation of outlet siudge density () Good ] 0 m} ) O ® | O] ¢ 1
15 Etat général des cuves extérieurs General condition of the exterior ta Q Good -] (m] 0 U (@] -] ] 0 15
18 Etat buses & larrivée de la floculation |Nozzle status on arrival of flocculati Q a (m] 0 Q 0 0 (m] ( 16
Faire un cycle de maintenance de la ~ — ~ — — -
17 passerelle Perform a gateway maintenance ¢ Q (m} O m) (_) (] [m] o O 17

Figure47. Fenouillet: Preventive Treatment Plant Round Checklists

455 Demonstrator

To reacho the 4D BIM Simulatiormed miscellaneous docuentsfor the pilot sitespleasdollow thelinkor please contact
to the writer of this document (APP Consultoria team) through following email addigSsappconsultoria.com
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5 LogicaAnalyssand Risk Analysi$the Work Programme

5.1 Logical AnalysisWork Programméchedule AssessmefaQuality Check

Schedule Quality Analysis is a dynamic and iterative process essential for achieving and maintajuisghhsgandards

in project schedulingWe are committeda ensuring that the project adheres to irsdity standards, and in this context,
we are following the Defence Contract Management Agency (DCMA) standards for schedule quality asB&dsgient.
standards are widely recognized in the project management conyramd provide a structured approach to essing
schedule quality, ensuring that schedules are realistic;stvaitured, and aligned with project objectiv€ame of the
key DCMA standards in schedule quality assessment are:

1. Comprehensive Evaluatidrhe DCMA standards offeceamprehensive 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. Ralism: 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: IMLA seindards guide the evaluation of the structural integrity of schedules. This involves
examining the logical relationships between tasks, dependencies, and critical pathsstAigteted schedule is crucial
for effective resource allocation and rislanagment.

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 sohedsle re
dynamic and adaptable to changing project conditions.

Adjust schedule

: :H

N g=|"=
O=

=>

Iterate Scenarios

o

Schedule Quality Check
Quality Standards
o J/

Figure48. LogicaAnalysisand Schedule Quality Check.

™

~

The iterative nature of this analysis acknowledges the dynamic characteristics of projects, which are shbjegistin
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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projectplan.This iterative approach also facilitates ongoing risk assessment, allowing for the identification and mitigation
of potential risks as the project evolv@&he iterative nature of Schedule Quality Analysis fosters a culture of continuous
improvement,and enhances decisiemaking, contributing to the overall success of the project by maintaining a high
standard of schedule qualitidaving said so, we present below the DCMA Criteria list that was apptiad itdernal
schedule quality Analysis duritig schedule development processdchievea highquality schedule

Table2. DCMA Standar@riteria

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 i
predecessar

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

or finish of its successor

SS/FF Relatisn  Analysis of Statb-Start (SS) and FinithtFinish (FF) task relationships in the project schedule
SF Relations Evaluation of Staitb-Finish (SF) task relationships in the project schedule.

Hard Constraint Identification of tasksrcevents with fird, unalterable start or finish dates.

High Float Recognition of tasks with a significant amount of float, indicating flexibility in the project sche
Negative Float Detection of tasks with negative float, implying poterstidedule conflicts or days.

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

Invalid Forecast

Dates Verification of forecasted dates for completion or milestones to ensure accuratseaitlity.

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 Tes Testing the criticgdath to verify its accuracyd 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.
TotalScore Aggregation of individual scoresassessments to provide an overall evaluation of the project

schedule.

The visual representatiobelowwill illustrate thesampleschedule quality check metrics, emphasizing the critical metrics
and points assesdejuarterly according to DCMA standard
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Q12024 Q2 2024 Q3 2024
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8. High Duration

9. Invalid Forecast

Dates
9. Invalid Actual
= N/A(N/A) NJA(N/A) N/A [ N/A) N/A(N/A )
11. Missed
Activities 0(N/A) (N/A) O(N/A) O N/A)

14. BEI N/A N/A N/A N/A
Figure49. Schedule Quality Analysis Examimpor Agrepowrork programmig

5.2 RiskAnalysis

Schedule Risk Analysis is the systematic evaluation of uncertainties that could impawtlihe of a project, providing
valuableinsights into potential delays and facilitating proactive decisiaking Risk Analysis has been carried out based
on the developed work programme, considering the ScheduleMitigated scenario including the grability values of
P10, P50 and P%e probabilitythat the project will finish by a selected date or eayliehis Risk Analysisctionincludes
Risk Exposure informaticemd Schedule Risk drivers with tornado graphs

Quantitative risk analysis wasstematically applied to the prepared wgtogram, encompassing quarry extraction and
treatment plant activities. By evaluating the impact of all potential risks and uncertainties on the project's time sbjective
the results derived from quantitative kianalysis provided a deterministic scHedzstimate. 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 assegsebahitity of
occurrence and the ensuing impact 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 incorpor&tamrteCarlo
simulation into this analysis enhascés robustness by simulating numerous scenarios, providing a comprehensive
understanding of the range of potential outcomes and further refining risk mitigation strategies.

Thefollowingtable provides somdefinitions for terms commonly used in risklgsia and that will blound in the report.
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Table3. Risk Analysis Definitions

Definition

Deterministic Finish Date Finish Date from the planning program

t m+ | £ dzS Theprobabilitythat the project will finish by a selectelate or earlier.

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

Individual risk events withgobability of happening and a consequence of addition:
Risk Event time and/or cosincludingg adding/removing key personnel, scope addition, materi
delivered late, bad weather, decision delay, etc.

5.2.1 Uncertainty Factors

Within the scope of risk management studldscertaintylevels were created for thguarry. These levels of undamty
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 andmet. Uncertainty Inputslescribethe LISNO Sy i+ 3S 2 F U k&taré ditiildu@dand Q&

estimated based on thencertainty factors sample providedthre figure below
Table4. Risk Analysis Uncertainty Fasto

Name Type Min % Most Likely % Max %

Very Conservativi  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%

Figure50. UncertaintyractorSamplgCimpor AgreporAlenquer)
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A risk matrix is a graphichdpiction that organizes and evaluates risks by considering their probability and impact. It serves
as a visual aid to analyse and prioritize nigitein a project. Risks are plotted on the matrix based on their assessed
probability and impact, offering@ear visual representation of their relative importaritieefollowing table showthe

ratings used in the matrix and thelevant rislgroups repectively.

Table5. Risk MatriRatings

Very High
High
— Medium
>
D
-
2 Low
5
8
[S) Very Low
a
Very Low Low Medium High Very High
Loss Level
Table6. Risk Matrix Level @mps: Score Criticality
Risk Levels Colour Description
15t Level - Very High / High Risk
2" Level Medium Risk
3 Level Low / Very Low Risk

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

A 1st LevelThere are regions with risks with a red colour, high and veryriglgkvents are at this levelihie 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 bertakprocesses involving risk
shauld be avoided.

A 2nd LevelThe regions created by the risks with a yellow colour andrisiglevents are gathered in this group. In the
event that risks at this level are revealed, the relevant processes are partialigcaffethe risks at this levate not
managed well, their effects on the relevant process may be permanent.

A 3rd Level The regions created by the risks with a green colour argiséwevents and moderately risky events are
gathered in this groulthough the management of risks aistlevel 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 whiegy occur.

Il cA 4101003750 30 Novembe2023




I , D4.5 BM - Phnning4Dfor all the pilots

DIGIECOQUARRY

Dissemination levePU

TheseRisk Events are important factors that have been identified and analysed for their potential impaajuarrike

The following table provides a comprehensive overview of the -Nutigated Risk Events consideréacludng the
appropriate Risk ID, Pralblity impactsand associated scoreft. serves as a reference for understanding and managing
the various risks that may arise during the project's execution.

Table7. Risk Events

Risk ID Name Probability Schedule Cost Score
RO1 Landslides or rockfalls Medium Medium Negligible
R0O2 Unforeseen environmental impacts Low Low Negligible -
RO3 Soil erosion Medium Medium Negligible
RO4 Changes in regulations Low Medium Negligible -
R0O5 Permitting issues Medium High Negligible
RO6 Environmental standards narompliance Low Low Negligible -
RO7 Equipment failure High High Negligible -
R0O8 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 Integratian problems Low Medium Negligible -
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5.3 PilotSites

5.3.1.1 Quality Check

The evaluation results fo€eme’s lyear period extraction planning reveal thall metrics meet the specified
requirements The cumulative score 82% is deemed adequate fisk management and exploring alternative scenarios.

Table8. CemexValdilechaQuality 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 uncertaintiesef€intiale 4
for details on the uncertainty factors, as referenced in the planasigstillustrated in the subsequent image for Cemex.

Uncertainty - Cemex - Valdilecha

Figure51. ValdilechaUncertainty Factor Graph

As per Risk Exposure of Project Risk Analysgleoing only Uncertainties Scenario the deterministic date WitR@o
probalility, is set atlanuany, 205. The mean () completion date is estimated to Banuarn?4, 205, signifying the
average project duration with 2% likelihood of meetindis timeline. The P10 date d&dnuaryl6, 2025, serves as the
earliest possibleompletion date with a 10% probability. The P50 completion dalarefary?23, 205, represents the
midpoint. The P90 date dfanuary30, 2025, indicates a 90% probability afrapleting by this dateThe table below
provided indepth overview of various rnrécs and values related Project Risk Analysis considering only Uncertainties

factors.
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Table9. ValdilechaSummary of Project Risk AnalysidJiocertainties

Metric Value
Deterministiac 0.2% 09/01/2025
Mean (P2) 24/01/2025
P10 16/01/2025
P50 23/01/2025
P90 30/01/2025
Max. Range 34days

1 Deterministio; 0.26:The anticipated project completion date is sefatuan09, 205, with a confidence level
of 46.8%. This denotes46.8% likelihood that the project will conclude bystspecific date.

1 Mean (P2): The anticipated project completion dateJanuary24, 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.

1 P10:The projected completion date with a 10% probabilityasuaryl6, 205. This indicatea 10% chance that
the project will be completed by this earlier date.

1 P50:The projected completion date with a 50% probabilifaisuary 23205. This represents themedian or
midpoint of the project's duration distribution and is consideredntiost probable completion date.

1 P90:The projected completion date with a 90% probabilifaruand0, 205. This signifies a 90% likelihood that
the project will be concludelly this date.

1 Max. Rangethe max. range represents the difference betweerPbest case and P18@orst case estimates.
In this case, the max. rangeisdays.

The Risk Exposure for the Project Finish Date, considering only the Uncertainty impactabedule, isspresented in
the figure below.

Cemex Uncertainty Only (No Risk Events)
Cemex - Cemex - Valdilecha Finish Date

100% 2/11/2025
100

90% 1/30/2025

80% 1/29/2025

70% 1/28/2025

60% 1/24/2025

Hits

50% 1/23/2025

40% 1/22/2025

fouanbaig aaneinwiny

30% 1/21/2025

20% 1/20/2025

10% 1/16/2025

L. e = 0% 1/8/2025

1/12/2025 1/19/2025 1/26/2025 2/2/2025 2/9/2025
Distribution

Figure52. ValdilechaRisk Exposure for the Project Finish Date considering only Uncertainties Impact
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5.3.1.3 Risk Analysis for the Original Situation Scenatrio:

This analysis assesses $ishedule risks associated with the project in its initial state, withoutniigation measures in

place. It provides insights into the potential schedule delays and areas of vulnerability that need to be adties&ek.
Analysis conducted for the iginal Situation focuses on evaluating the schedule risks of the projestimitiitl state,

without implementing any measures to mitigate those risks. This analysis aims to provide an understanding of the potential
schedule delays and identify areastthge vulnerable to risks.

Risk analysis was set to consider UncertairtyCascrete Risk Events (No Mitigation). 1000 simulations were run.
Risk Analysis for the Original Situation without Mitigation Scenario has been prepared with the probabsityf\rRi0,
P50 and P90.

As per Project Risk Analysis with Original Situ&@mario without Mitigation the deterministic completion date is
estimated to belanuaryd, 205. The moderate Mean scenariat@p predicting a completion date dtinel0, 205. The
probability of 10% (P10) foresees a completion datdasth18, 205, whie the probability of 50% (P50) scenario sets it
on Junel2, 2025, supported by &b2-day contingency. Conversely, the warase P90 scenario extends the completion
to August21, 2025.

The Risk Exposure for the Project Finish Date, considering i@stand Risk Events impact on the schedule,
is representedn the following figure

Cemex Uncertainty and Risk Events (No Mitigation)
Cemex - Cemex - Valdilecha Finish Date

Hits

fouanbaig aanejnwino

11172025 24172025 44172025 6/1/2025 8/1/2025 10/1/2025
Distribution

Figureb3. ValdilechaRisk Exposure for the Project Finish Basidering Uncertainties and Risk Events

91 Deterministic (0%)rhe deterministic estimate signifies substantial uncertainty, with a completion diteuzry
9, 205.

1 Mean (B8): In the Mean scenario B), the project is expected to be completeddmnel0, 2025, reflecting a
48% probability level.

1 P10:The complabn date with a 10% probability is estimatedva#rch18, 2025. This means that there is a 10%
chance that the project will be completed by this date.

1 P50:The P50 estimate places the completilate onJunel2, 2025, signifying a 50% probability.
1 P90:TheP90 estimate reflects a higher level of confidence, setting the completion dAtggoist21, 2025.
1 P48Contingency)Y52days)A contingency af52days has been allocated to thé&Rlate.
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Table10. Summary table with Original Situation Scenario (Cé&fakellecha)

Metric Value
Deterministiag 0.0% 09/01/2024
Mean (R8) 10/06/2025
P10 18/03/2025
P50 12/06/2025
P90 21/08/2025
PA8 Contingency 152days

5.3.2 CIMPOR. Agpor¢ Alenquer

5.3.2.1 QualityCheck

The quality check outcome for tHeyear periodextraction planning of Cimpor indicates that all metrics align with
requirements, except for high duration. Considering dhiarrys unique characteristics, a prolonged duratinay be

deemed acceptablm this context. The overall score of 83% is considered satisfactory for managing risk and investigating
alternative scenarios.

Tablell. AgreporAlenquer: Quality Check Results
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5.3.2.2 Scledule Risknalysi€Consideringdnly Uncertainties

This analysis focused on the schedule, considering only the Uncertainties Phgas. refer to the uncertainty factor
table in Table 4, as indicated in the planning tasks shothe following inagefor Cimpor

Figure54. Uncertainty Factor Sample (Cimpor. Agrédenquer)
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As per Risk Exposure of Projeidk Analysis considering only Uncertainties Scenario the deterministic date with a 46.6%
probability, is set at Novemb28, 2024. The mean (P51) completion date is estimated to be November 29, 2024, signifying
the average project duration with a 51%elikood of meeting this timeline. The P10 date of November 19, 2024, serves
as the earliest possible completion date witt0&o probability. The P50 completion date of November 28, 2024, represents
the midpoint. The P90 date of December 09, 2024, indiea®®8%6 probability of completing by this date. The table below
provided indepth overview of various metrics and valuesiteel Project Risk Analysis considering only Uncertainties
factors

Tablel2. Summary of Project Riskalysis for Uncertaintie€impor AgrepeAlenquer

Metric Value
Deterministiac 46.6% 28/11/2024
Mean (P51) 29/11/2024
P10 19/11/2024
P50 28/11/2024
P30 09/12/2024
Max.Range 42 days

A Deterministia; 46.8%: The anticipated project completion date is selNavember28, 2024, with a confidence level
of 46.6%. This denotes46.68% likelihood that the project will conclude bystspecific date.

A Mean (B1): The anticipated project completion dateNlsevember29, 2024. This date represents the mean or
average completion date with5d% probability, signifyingsl% likelihood that the project will be finished by this
date.

A P10: The projected completion date with a 10% probabilitfagsemberl9, 2024. This indices a 10% chance that
the project will be completed by this earlier date.

A P50:The projected completion date with a 50% probabilitydsember28, 2024. This representhie median or
midpoint of the project's duration distribution anccisnsidered the most probable completion date.

A P90: The projected completion date with a 90% probabilieésembe9, 2024. This signifies a 90% likelihood that
the project will be conaded by this date.

A Max.RangeThemax. rangeepresents thalifference between the PBest case and P18Qorst case estimaten
this case, thenax. ranges42days.

The Risk Exposure for tQeiarryFinish Date, considering only the Uncertainty impadhe schedule, is represented in
the figure below.
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Cimpor. Agrepor-Alenquer Short Term Extraction Programme Uncertainty Only (No Risk Events)
Cimpor. Agrepor-Alenquer Short Term Extraction Programme - Cimpor. Agrepor-Alenquer Short Term Extraction Programme Project Finish Date

100% 12/19/2024

90% 12/9/2024

80% 12/5/2024

70% 12/3/2024

60% 12/2/2024

Hits

40 50% 11/28/2024

40% 11/27/2024

Aouanbaig aanenwny

30% 11/25/2024

20% 11/21/2024

10% 11/19/2024

0 0% 11/7/2024
11/10/2024 11/17/2024 11/24/2024 12/1/2024 12/8/2024 12/15/2024

Distribution
Figureb5. Risk Exposure for the Project Finish Date considering only Uncertaintie$@mpazmt)
5.3.2.3 Risk Analysis for th@riginal Situation Scenario:

This analysis assesses fithedule 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 Ibeeddressedl he Risk
Analysis conducted for theri@nal 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 undestdredpaiential
schedule delays and identify areaatthre 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 probald#yot&10, P50
and P90.

As rer Project Risk Analysis with Original Situation Scenario without Mitigation the deterministic completion date is
estimated to beNovember28, 2024. The moderate Mean scenarido@ predicting a completion date 8foril 18, 2025.

The probability of 10% (B)lforesees a completion dateeébruaryl7, 2025, while the probability of 50% (P50) scenario
sets it onApril 16, 2025, supported by ad40-day contingency. Conversely, the warase P90 scenario extends the
completion to Jne 18, 2025.

The Risk Expare for the Project Finish Date, considering Uncertainties and Risk Events impact on the schedule, is
representedn the following figure
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Cimpor. Agrepor-Alenquer Short Term Extraction Programme Uncertainty and Risk Events (No Mitigation)
Cimpor. Agrepor-Alenquer Short Term Extraction Programme - Cimpor. Agrepor-Alenguer Short Term Extraction Programme Project
Finish Date

80 -
1 - 1009 8/29/2025
90% 6/18/2025

60 - 80% 5/29/2025

70% 5/11/2025

- 60% 4/30/2025

Hits

40 50% 4/16/2025

40% 4/8/2025

fouanbalq aanenuwiny

30% 3/27/2025
20

20% 3/14/2025

- 10% 2/17/2025

0 —— ARNNEEE L1188 . i 0% 11/15/2024
12/1/2024 2/1/2025 4/1/2025 6/1/2025 8/1/2025
11/1/2024 1/1/2025 3/1/2025 5/1/2025 7/1/2025 9/1/2025

Distribution

Figure56. Risk Exposure for the Project Finish Date congitincertainties and Risk Events (Cimpor)

Tablel3. Summary table with Original Situation ScenaCionpor AgrepeAlenquer

Metric Value
Deterministicg 0.2 28/11/2024
Mean (B2 18/04/2025
P10 17/02/2025
P50 16/04/2025
Po0 18/06/2025
P51 Contingency 140days

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

A Mean (B2): In the Mean scenario $2), the project is expected to be completedAyyri 18, 2025, reflecting é&62%
probability level.

>

P10:The completion date with a 10% probability is estimateBetfruaryl7, 2025. This means that there is a 10%
chance that the project will be completed by this date.

P50:The P50 estimate places the cosatjan date omApril 16, 2025, signifying a 50% prddilay.

> >

P90:The P90 estimate reflects a higher level of confidence, setting the completion dateedB, 2025.

p>

P51 Contingency (140 dayAa)contingency of 140 days has been allocated to the P51 date.
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6 BIM Integration

6.1 BIMCommon Dat&nvironment (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 axquatfoom 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 thecontext of DigiEcoQuarry, we recimpd the pivotal role that modetbasedCDE could play in connecting Building
Information Modeling (BIM) models with ramhe data provided by other project partners. This integration presented an
invaluable opportunityo streamline project managementqressesBy 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 performarBg.providing a detailed and dynamigital replica of the quarryhé adoption of

a modelbased CDE enharsc¢he visualization of project datatreamlines decisiemaking processes, enhances
operational efficiency, and promotes a proactive approach fater@ance and resource management.

6.1.1 3D Model Integration

To start working in the proposed CDE Environmentipdgaded the Industry Foundation Classes (IFC) models to Autodesk
Tandem, ensuring the inclusion of essential components such as quarry assi¢sprachinery, and stockpiles, taéd

to the specific requirements of the designated pilot,sitied depending on the available information frother project
partners

As in the 4D BIM Planning process, one of the most important aspects to corbiglebisect development of the motle

assets, modelling each element alistinct and identifiablasset 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 gtémpto note that the
requiremens 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 voladseantbmobile machinery, while
it was not needed in the CDE system, and in other csteekpiles were required for the CDE system but not in the 4D
BIM Planning tool, for which all terrain and material elements were integrated.

Fi 7. Valdilecha M | f DE Impl i
Igures?. Valdilecha Model for C mplementation Figure58. Valdilecha Model for 4D BIM Planning
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6.1.2 Quarry Assetklentification

In the development of our modélased Common Data Environment (CDE), it was cruciaktoeethat the CDE was
practical and effective. This meant integrating all the pertinent information from each element into the model and
establishing connections totexnal data for each related element. To achieve this, it was imperative to cleatlfyiden
each element within the model.

We accomplished this by utilizing the same coding system employed in the pRotlaite thereby ensuring clarity for

their resgective teamsConsequently, each element was assigned its own unique identificatiow@ifen proceeded

to incorporate all the static data associated with each element, such as manufacturer details, model specifications, motor
type, maintenance periodsand documents related to its mechanical parts, sensors or manufactarem)g 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 associatedimhentationsimply by clicking on, ilnaking document management a

lot simpler.

~ T
N\ PROPCRTICS

LEMDNT  TYRE

| ASSET PROPLATIES

I® i0 §C 1<

o §2 j3

i3

e 10y

18 1O IR

Figure59. CDE: 3D Model Element related static data.

6.1.3 Quarry Digital Twins & Data Dashboards

Upon the establishment of the modehsed Common Data Environment (CDE), we seamlessly integrated iraeeal
data from the WP3 partnersd the pilot site into the system, thereby transforming it into a dynamic live Digital Twin. The
incorporation of d&a varied depending on the specific site and the available information. Some data were related to the
usage of mobile machinery, while othgrertained to production and consumptidata, and so forth.

By linking the 3D models with the ré¢iahe data, we aabled the visualization of all the data associated with each element
by simply clicking on it. This includes accessing the latest datdl as weviewing historical data through comprehensive
charts that illustrate an eleme®behaviourver a specifiperiod. This functionality empowers the quarry team to identify
any anomalies or changes that require close monitoring.
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Figure60. CDE as a Digital Twin. Connection with external data

Furthermore, with the integration of all the data, we could create customized dashboards tailored to shewecase
configure an overview of the completeness of the asset data withidescriptiveCDEThe dashboards display charts
showing progress and caeteness, eliminating guesswork of classifying the aasstziated with the model elements.
Users camlsofilter the dashboardwhich will affect which elements are displayed aill also impact the results shown

on the Cards displagle
v Seurces (2) | Levels X | Spaces X I X i RevitCan x Parameters ‘Save as New
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Figure61. CDE Dashboard Example: Data Audit

6.1.4 Data Integration with DatalLake

In the context of the Common Data Environment (CDE), the integration of data from Wa§eP2¢WP3) partners is
facilitated through an integration to the Datal.ake. In this process, assuming DEQ partners upload their respective data into
the DataLake uizing their preferred methods and timeframes, an internally developed integrator irstesdttt the
5FadF[F1S ttLE SEGNIOGAY3I REGE G NB3IdzZE NI AYGESNDIEt,a 2F &
the integrator is able to teract with the DatalLake at much shorter intervals of time (we estimate that anythind. from
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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 hoursingls were more than enough to keep the systertougate.

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

12 hours

D -0 @

DEQ Partners Data Datalake API APP Integrator BIM CDE Environment

Figure62. Data Integration Process.

6.2 Pilot Sites

The processutlined for the implementation of the modbhsed 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 modelguarry asseidentifications, and the establishment of live Digital Twins with integiaétd
Lakedata.

The fully integrated moddlased Common Data Environment (CDE) platform stands as a demonstratihatodl| be
accessible to the managemeaims of eaclpilot 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 enhangerall perfomance within their respective pilot sitesthe future.

It is important to note thathe data housed within the Common Data Environment (CDE) systelmfrom the
information shared with th®ata Lake so i is imperative taecognize that certain dataithin the CDE may not necessarily
represent the most upo-date or realtime information.Consequently, while the informatishowedoffers valuable
insights, it is crucial to exercise caution when interpreting this dataliveoel operational contextand only adhere to

it as a validation exercise until the data flow from third parties td®gia Lakés fluent anchas beerverified. Having said
so, the chart below showcases the type of data that has been integrated aht@#at site through a comation to the
Data Lakeor to local data in some cases where live data was not available

Tablel4. 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 CEMEXValdilecha

M

As explained earlief KS a&adSy Kra 0SSy FTSR gAGK GKS RIEGE | @FAf of
case plant production data, plant consumption data and mobisehinery data was available. In this secttba system
capabilities will be showcasedngieach pilot site current available dafaere are two type of data that will be available

in the system: static data, like geometry, asset informatind,clas$ications; and dynamic data, which will be extracted

from the Datalake through the integoaexplained in the previous section.

Starting by the static datahe first thing to note is that, as any BM&ualizer, the user can navigate through the model
freelywith a usesfriendly interface However, unlike most visualizetsitodeskTandem enhances the project experience

by offering a walthrough view, providing users with an immersive and dynamic exploration of the quarry treatment plant
modd, gaining aiealistic sense of the project layout and design. Thetledkigh view is paitularly beneficial for project
reviews, as it offers an interactive and engaging way to comprehend the spatial relationships and intricacies of the
treatment plant components.

v s ®>s PROPERTIES o x

ELEMENT  TYPE

7] sources
7] (tonder ASSET PROPERTIES
)

::::::

D omame (0ot 19seected

Systens

......

RELATIONSHIPS

Figure63. Valdilecha: CDE W4licough View

Moreower, the system alsoffers a robust data filtering system, allowing users to focus on specific aspects of the project.
This includes the ability to filter data based on paramsesuch as Treatment Plant Sectjasset name, type of asset,

etc. The filtemg mechanism is not only powerful in isolating specific components but also enhances visualization through
colourcoding. By assigning differamtloursto various Treatmentl&nt Sections, users can quickly discernaaralysehe
distribution and statusf assets, facilitating a more intuitive understanding of the model.

7  FIUTERS @ o

Charts

Figure64. Valdilecha: CCilters
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To streamline project management and analythe CDEalso provides a feature for saving viewsd dashboards

(explained earlier)Saved views allow users to bookmark specific perspectives within the model, ensuring quick access to
critical viewpoints.

0 i<

i0

+ IB

Systems.

v Main Views (3)

© i<

£
3

ix»

CHARTS (¢) V412 selected 1= aer

Energy % Energy Consumption Per Ton (Processed) % Fuel

X Fuel Consumption Per Ton (Processed) x
MA (MA) X

T2am 2pm am 12pm 128m T2om  J2m

Figure65. Valdiecha: CDE Viewsd Dashboards

Additionally, he 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, Speltificagions,

status, and other relevant attributek the sample image belowpnveyor C11 is selected, displaying consequéstly
classification, treatment plant section, available streams of data (connected to the Datalake), and its geometric

information (lengthwidth, and motor KW)AIl the static information related to a model asset can be added as metadata
and displayed as part of its properties.

Figure66. Valdilecha. CDE Asset Data
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