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This report focuses on the role of the Project Controls Engineer and their contribution to mega-projects such as Offshore Wind Farm construction.

First, it provides an explanation of the scope of Project Controls, making an emphasis and going more into detail
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INTRODUCTION

"Climate change", "greenhouse gas emissions", and "global warming", are terms that I have been hearing a lot within the past few years, and I bet that you have heard them too. If not, for sure you felt and feel the impact of those terms in your daily life. According to the National Centers for Environmental Information, the global surface temperature for June 2022 was the sixth-highest in the 143-year record at 0.87°C above the 20th-century average 1 .

Already in 1997, with the Kyoto Protocol, many Nations recognized the implications of global warming and the need to immediately start taking action to reduce Greenhouse Gas (GHG) emissions. By signing the Kyoto Protocol, many industrialized countries and economies in transition committed to limiting and reducing GHG emissions by agreed individual targets [START_REF]United Nations Climate Change: What is the Kyoto Protocol[END_REF] .

Since then there have been different agreements and targets, like the EU's 40% renewable energy target.

There are different ways to approach this issue of mitigating GHG emissions and one of them is increasing the use of renewable energies. Solar, hydro, and wind are some examples of sources of renewable energy. In 2021 Europe installed 17 GW of new wind capacity, being 11 GW in EU-27. 32 GW per year needs to be built in EU-27 if they want to meet the EU's 40% renewable energy target by 2030 [START_REF]Wind Europe Organization: Wind energy in Europe: 2021 Statistics and the outlook for 2022-2026[END_REF] .

Wind energy can be produced onshore or offshore. In particular, in France, there are currently 44 offshore wind farm projects. Only 3 of the 44 projects are operating, one is generating electricity, and 3 are in the build phase [START_REF]Offshore Wind Farm in France[END_REF] , meaning that there is still a lot of work to be done on this matter.

Building an offshore wind farm is a very complex process, which involves several intermediaries. Many logistical challenges between the manufacturing sites, construction port, and installation area need to be overcome [START_REF]Deloitte: Offshore wind capital projects[END_REF] . Different aspects need to be managed to drive project performance, and some of these are Risk Management, Schedule Management, Scope and change management, Cost management, and Reporting. All these tasks are within the scope of the duties of a Project Controls Engineer, and it is exactly the type of services that Proove, the company where I performed my internship, specializes in.

Proove, previously known as Primaned Belgium, is a consulting company based in Belgium and France, specializing in project controls services. In 2019, four employees of Primaned Belgium had a buy-out of previous owners and became a 100% independent company [START_REF]Proove's Website: About Proove[END_REF] .

Currently, Proove has a total of 26 employees who provide services for big companies primarily in the Offshore Wind Farm, Construction, and Pharmaceutical industries.

During my internship at Proove, I took part in many workshops and trainings, where I learned about the role of the project control engineer and the different tools that can be used. I worked on a case study and performed other activities, mostly related to the offshore wind farm industry.

Based on the knowledge gathered during my internship at Proove, internet research, and previous experiences, in this paper I will try to answer the following questions: What is the role and scope of a Project Control Engineer? How can they contribute to the success of megaprojects such as the installation of an offshore wind farm? Which tools are the most used, and for what? Are Project Control Engineers still going to be needed in the future?

Why is this important? Normally when we talk about the role of Project Management, everybody knows what we are talking about, or at least has an idea. However, when we mention "Project Controls", not many people really understand what it means or there is some confusion on the meaning depending on the country, for example, in France, the term "Project Controls" is normally more related to a finance job. When companies in France look for a Project Control engineer, they are normally looking for a person to be in charge of controlling all costs within a project and dedicating efforts to maintain a project within the planned budget. This is why, it is important first to define our understanding of the role of a project controls engineer, to then be able to explain how they contribute to big projects, and the necessary skills and tools needed to achieve this.

PART 1 :

-PROJECT CONTROLS ENGINEER AND THEIR SCOPE

CHAPTER 1 -DEFINING THE SCOPE OF A PROJECT CONTROLS ENGINEER

As was mentioned in the introduction, the term "project controls" may not be used the same way in every company or every country. In some countries is not yet an established concept in the market. In this paper, I will provide the definition of Project Controls and the understanding that I got, during my internship at Proove.

Here is Proove's definition of Project Controls: "Project controls covers the aspects of project management that estimates, models, analyzes, predicts, measures, reports and visualizes project data to generate insights in the project that will support and influence decision making so that projects will create maximal value for the stakeholders" [START_REF]Proove: Project Controls -A definition[END_REF] .

In concrete, Project Controls is one of the aspects of managing a project, that is within the scope of a Project Manager. In small projects, one Project Manager can solve all the different aspects of managing a project, but in the case of mega-projects, aspects such as Project Controls required much detailed attention and need to be done by professionals in that specific area.

There are areas of the scope of Project Management that are not fully part of Project Controls scope and expertise, such as Risk Management, for example. Within Risk Management Process, some steps can be performed by a Project Controls Engineer, for instance, registering risks, analyzing, and reporting risks occurrence. Other steps of the process require extra expertise and deep knowledge and understanding of the characteristics of each particular project. Those areas are normally out of scope for a Project Controls Engineer, for instance, identifying risks and determining mitigation actions [START_REF]Proove: Project Controls -A definition[END_REF] .

In this paper, I am going to explain the activities within the scope of Project Controls that I was more in contact with during my internship. It is worth clarifying again that, some of these activities are not completely done only by a Project Controls Engineer, however, their added value is such that it is worth mentioning these activities.

The areas within the scope of Project Controls that I am going to explain are: 

1. Risk Management

I. RISK MANAGEMENT

Before even starting with the execution of the project, it is important to determine the different risks of that particular project. If done properly, by identifying risks we can plan mitigation actions in advance, detect areas that will require extra resources like money or time, and in addition, detect the potential impact on the final necessary budget [START_REF]PMI: A practical risk management approach[END_REF] .

First, let's define "Risk". A definition from the Project Management Institute describes Risk as "an uncertain event or condition, that if it occurs, has a positive or negative effect on a project's objective" [START_REF]PMI: The meaning of risk in an uncertain world[END_REF] . Of course, because time is limited, all the efforts from the project controls engineer will be focused on detecting the risks that if they occur, will have a negative impact on the project.

A risk management plan could be as follows: identify risks, analyze them (assigning an expecting monetary value in case of occurrence), plan a risk response (or plan the not response), and monitor and control those detected risks. This process is shown in the following image: and make a list of the most relevant ones. A checklist can be used to guide where to look for risks.

Naturally, the more experience this person has in the field of that type of project, the easier it will be to detect those risks. This is why this activity is usually domain dependant, and is not normally within the scope of a Project Controls Engineer.

A proper way to describe a risk is: "Event "X" will cause "Y" affecting the "Z".

B. Analyze Risks

Once we have a list of the most relevant risks, we need to determine, as accurately as possible, the probability of occurrence and the impact in case of occurrence, both ranging from "very low" to "very high".

There are different types of Probability/Impact tables that can be used to estimate the cost of the risk occurrence. An example of Probability/Impact Matrix is shown in following image: For example, if the estimated cost of a risk is €10.000, the probability of occurrence is Low and the Impact is High, the EMV will be: EMV = €10.000 x 12% = €1.200

C. Plan Risk Response

Once identified what all the EMV of the risks are, is necessary to determine which actions (or non-actions) are going to be taken in each case.

The different strategies are [START_REF]Course Project Management, Session 3 -Grenoble IAE, M2 ACM[END_REF] :  To avoid the risk: try to eliminate the threat or protect the project from its impact.

 To transfer the impact and ownership of the threat to a third party.

 To mitigate by reducing either the probability of occurrence and/or the impact.

 To accept means that we know that the risk may occur but we do not take any action unless the risk actually happens.

D. Monitor and control risk

Managing risks is not a one-time task. During the whole project implementation, it is necessary to monitor the risks and control if they have occurred or not. If an issue finally occurs, it is important to apply the planned actions, update the risk register, and check if the occurrence of that risk has an impact on other risks or not [START_REF]Session 3 -Grenoble IAE, M2 ACM[END_REF] . Those activities can be performed by a Project Controls Engineer.

II. SCHEDULE MANAGEMENT

One of the activities that can be performed as a Project Controls Engineer, and one of the areas of expertise from Proove, is schedule management. The Cambridge dictionary defines Scheduling as "the job or activity of planning the times at which particular tasks will be done or events will happen"13 .

In the case of a project, scheduling means determining what are all the activities that need to take place, in which order, what are the relationships between these activities, when are these activities going to take place, etc. In some cases, the schedule is built by the Project Controls expert, and in other cases, they receive already the schedule and their job is to maintain it.

To maintain a schedule means to regularly register the updates on the activities. Depending on the length and complexity of the project and activities, a schedule can be updated daily, weekly, or monthly.

15

In megaprojects, where there are lots of activities and many intermediates involved, and where projects can last several years, it is necessary to make use of scheduling tools, like Oracle Primavera P6 or MS Project, to create and maintain schedules (more details about the Primavera P6 tool will be provided later in this report).

Because the role of the scheduler is central and crucial during a project execution, it is important to have a good base, at least, of the following skills [START_REF]Mi-GSO PCU3ED: Who is the project scheduler?[END_REF] :

 Communication: The scheduler needs to be in contact with many stakeholders of the project. They need to gather information from people in the field, and they also need to communicate updates to the project managers. This requires knowing how to explain complex things in a simpler way.

 Good organization and synthesis skills: The scheduler needs to be in contact with many stakeholders of the project. They need to gather information from people in the field, and they also need to communicate updates to the project managers. This requires knowing how to explain complex things in a simpler way.

 Analysis skills: The scheduler needs to be in contact with many stakeholders of the project. They need to gather information from people in the field, and they also need to communicate updates to the project managers. This requires knowing how to explain complex things in a simpler way.

III. REPORTING

As a project controls engineer, another task that can be managed is creating reports to communicate all the updates to the different stakeholders of a project. Because the amount of information available during project execution is vast, it is important to determine in advance which Key Performance Indicators (KPIs) need to be reported to each stakeholder, and the means that are going to be used to gather this information.

To determine if a project is going well, according to the schedule and costs planned, the KPIs will be compared with forecasts or goals that were previously stipulated. By reporting on a regular basis, it is possible to detect deviations and plan and take corrective action on time.

Different tools can be used to create visual reports, easy to understand, with different types of graphs and charts. Some of the most used reporting tools in the market are Microsoft Power BI, QlikSense, and Tableau. All these tools allow for creating reports that are updated in realtime and are accessible to the different stakeholders from any device (phone, pc, etc).

An example of dashboards that can be created in Power BI is shown in the following image: As previously explained, offshore wind farms are one of the solutions on the path to mitigating GHG emissions and preventing global temperature to increase over the limit that would make life on this planet, as we know it, endangered.

What are the advantages of offshore versus onshore?

Both onshore and offshore are sources of renewable energy obtained by using the force of the wind. However, due to the lack of barriers, in the sea, the winds are much stronger and more constant than onshore, which means that energy production is more efficient.

To leverage wind resources to the fullest, mega-structures are installed on the seabed and equipped with the latest technical innovations [START_REF]Iberdrola: Do you know how offshore wind farms work[END_REF] . An offshore wind farm is shown in following picture: When located offshore, the visual and acoustic impact is very small (compared to onshore wind farms), so much larger areas can be used. Thanks to this, offshore wind farms typically have several hundred megawatts of installed capacity [START_REF]Iberdrola: Do you know how offshore wind farms work[END_REF] .
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The convenience of maritime transport, which has few limitations in terms of cargo and dimensions compared to land transport, has made it possible for offshore wind turbines to reach much larger capacities and unit sizes than onshore wind turbines [START_REF]Iberdrola: Do you know how offshore wind farms work[END_REF] .

Over the past years, Offshore Wind has grown internationally, mostly in Europe, and it is expected to keep growing, as it is shown in the following graph18 : 20

In particular in France, President Emmanuel Macron has announce his compromise and target to build 50 Offshore Wind Farms by 2050, as part of the different measures taken to reach carbon-neutrality by that year [START_REF] Wind | Macron: France to build 50 Offshore wind farms by[END_REF] .

Building an offshore wind farm is not an easy task. Many intermediates are involved, activities in parallel, and sequential activities that need to be carefully planned in advance, monitored, and controlled during the process, resources that need to be allocated, etc.

In a simplified explanation, we could say that the process starts at the supplier's manufacturing site, where foundations and turbines are built. After finishing fabrication, they need to be transported to the installation site, where foundations and turbines are stored until the installation vessel starts the installation process in the see (see figure below). Source: "Offshore Wind Capital Projects", 2019 Deloitte LLP.

After the successful installation of the turbines, the energy produced needs to be captured and transported, as shown in the image below: 

CHAPTER 3 -HOW DO PROJECT CONTROLS ENGINEERS CONTRIBUTE TO SUCCESS DURING AN OFFSHORE WIND FARM BUILDING PROCESS?

As you can already imagine, building an offshore wind farm demands high amounts of resources that can be summarized in terms of money and time: millions of dollars and years are needed for completion. Of course, for such projects, very well-done planning has to be done.

Before even starting, a detailed schedule is created. Important milestones, activities, resources, durations, relationships between activities, etc, are needed to build a schedule as accurately as possible. But naturally, during the many years needed for execution, some things may not go as planned.

What if one activity gets delayed one week? What if three activities get delayed one week?

Is the whole project going to be delayed for one week? Three weeks? Or, is it possible that those delays have no impact on the end date of the project? and analyze the impact of these extra costs before it's too late to take action to avoid or reduce them?

How are the project owners, directors, and project managers, going to know about the progress of the different activities? How far is the activity from the deadline? What is the expected completion date? Who is going to be responsible for gathering the data and creating the reports to show the project status?

If you are guessing that the solution to all these issues (and more), can be a project controls engineer, then you are right! Almost! Depending on the size of the project, more than one project controls engineer may be needed, and each person will be a specialist in a different part of the scope of project controls.

In megaprojects, the accumulation of small delays and small increases in costs in different activities can have huge implications, such as delaying the project for several months and increasing the original planned costs drastically. That is why it is of crucial importance to have experts dedicated to ensuring the proper development of the project.

I. RISK MANAGEMENT IN THE OFFSHORE WIND FARM BUILDING PROCESS

I have already explained the process of Risk Management and which are the phases of the process that are within the scope of a Project Controls Engineer. Now let's see some examples, in particular for the Offshore Wind Farm building process.

Having received the lists of potential Risks for that particular project, the role of the Project Controls Engineer is to maintain that lists updated. This means, that if a risk actually occurs, they have to find out the real impact on the project, register this information and communicate it timely to the responsible person designated to act in that case.

In some other cases, there are risks that may occur only until a certain date, and after that date, if they did not occur, they can be erased from the risks list.

For instance, we can have the risk of delays during the foundation's design process.

Normally, foundations can not start being fabricated until the company in charge of designing these foundations receives the Approval For Construction (AFC).

The design and the construction are two sequential activities, and the latter can not start until the first one is finished, and that is when the drawings of the design are approved.

Let's say that the expected date for receiving the AFC is 10/02/2024, and if it is received on that date or earlier, then the risk of "Delay during the designing process" will be eliminated from the list.

If, on the contrary, it is already 10/02/2024 and the AFC has not been issued, then the Project Controls Engineer should be already informed about this and should also know an estimation of delay and the impact of this on the project (delay, extra costs, etc.). Finally, all this information should be properly registered and communicated to the affected areas/departments/companies.

II. SCHEDULE MANAGEMENT IN THE OFFSHORE WIND FARM BUILDING

PROCESS

One of the most important tasks of a Scheduler is to build the schedule. That is a critical activity that requires inputs from many different sources. The schedule provides valuable information for all the actors involved and interested in the project.

For example, after building the schedule, it is possible to know if the "expected finish date" is before or after the final deadline. In case that the "expected finish date" is later than the deadline, optimizations can be found by analyzing the schedule, and all that can be done even before starting any of the project activities.

First, it is important to have a clear understanding on the project on a high level. It is crucial to understand the sequence of the activities and the relationships between them. Some activities can happen in parallel with others, while there are others that can not start until other activities have finished.

In the case of an Offshore Wind Farm construction process, for example, it is basic for the scheduler to know that the construction of the foundations can not start until the design is ready and approved. Or that it is not possible to install a turbine, without having installed the foundation first.

III. REPORTING

During the many years of an Offshore Wind Farm construction process, some things can not go as planned. But if the deviations are detected on time, it makes it possible to react rapidly and minimize the impact of those deviations.

For those reasons, it is important to regularly provide the decision makers of the project with certain information, such as progress achieved versus progress planned, or actual expenses versus planned expenses, and all the extra information that can be relevant for the correct development of the project.

As was mentioned before, Business Intelligence (BI) tools are used for this purpose, such as Power BI and QlikSense. Aditionally, for reporting on work progress, the project controls engineer uses the schedules from Primavera P6, where it is possible to see the actual progress of each activity compared to what was planned (showed as a baseline).

It is always important for the reporter to keep in mind who is going to be the receptor of those reports. Normally, the same reporter will create reports for different actors in the project, who will want to see certain information that others may not want to see. For this purpose, Primavera P6 allows creating different views of the schedule, by creating different layouts. That will be explained in more detail in the following sections. 

I. SCHEDULING TOOL: ORACLE PRIMAVERA P6

Primavera P6 is the scheduling tool that is mostly used by Proove's employees while performing their scheduling activities for their clients.

Many different things can be done in Primavera P6, from creating a detailed schedule of the project: listing all the activities, and the resources needed in each case, determining the duration of activities, and constraints, setting milestones, determining the critical path, doing scenario analysis, and so on.

Some of the benefits of using Primavera P6 for project scheduling are [START_REF]Oracle's website: The Standard for Planning and Scheduling[END_REF] : Source: Oracle's website



A. Building a schedule

To build the schedule means to register all the "activities" that needs to be performed (until a certain level of detail, not too much not too little) in order to achieve project's completion.

Before moving forward, is important to mention that Primavera P6 has a hierarchical structure, in which an "Activity" is the lowest level of the schedule. A group of activities can create a "Work package" or "Work Breakdown Structure" (WBS), and a "Project" will be build by a group of WBS.

As mentioned before, in order to successfully finish a project, many activities (or tasks) needs to be done. Those activities can be related with each other in different ways.

Primavera P6 allows to set four types of relationships between two activities (a Predecessor and a Successor):

 Finish to Start (FS)  Start to Start (SS)
 Finish to Finish (FF)

 Start to Finish (SF)

In the following image it is shown how an activity is represented on Primavera P6, with the Start and the Finish: When two activities are related on Primavera P6, an arrow will connect both, and it will start on the right or left side of the predecessor and will finish on the right or left side of the successor, depending on the type of relationship.

A Finish to Start" (FS) relationship between two activities means that the successor can not start until the Predecessor activity has finished. This type of relationship is the most commonly used in scheduling. An example of FS relationship in the Offshore wind farm industry is shown in the following image, where "Install Foundation N1" is the predecessor and "Install Turbine N1" is the successor: This means that immediately after installing the foundation N1, it is possible to install Turbine N1, it doesn't mean that it is mandatory to do it at that moment, it can be done later, but not sooner.

A Start to Start (SS) relationship means that in order for one activity to start, another needs to start as well. The finish to Finish (FF) relationship means that one activity can not finish until the other has finished also. An example in the offshore wind farm building process could be: "Installation of cables IAC" can not finish until "Installation of the last turbine" is finished.

Lastly, an Start to Finish (SF) relationship means that one activity can be finished only once another activity starts. One example could be in the security department, one shift can not finish until the following shift has started, but there are not so many examples of this type of relationship in the offshore wind farm. Besides, the use of this type of relationship is not recommended because it can cause problems on the schedule. To build a correct schedule, some rules should be followed, for example, all activities should have a predecessor and a successor, and only the first and last activity of the whole project are excepted from this rule. Besides it is recommended not to use constraints such as "Mandatory start" or "Mandatory finish" for activities, as they may prevent or hinder the detection of delays during project execution.

Once the schedule is created we will have the baseline of the project. This baseline will be use to compare with the current state in every update. All the stakeholders of the project must agree on that baseline before starting, to avoid future problems. Let's imagine that at the end of the project, the subcontractor is delayed by two months. By comparing the actual work performed with the baseline (that was previously accepted by them), it is easy to prove this delay.

B. The Critical Path

Another of the benefits of using Primavera P6 for scheduling is that provides an easy way to detect the Critical Path of the project by highlighting the respective activities in red. An example of this is shown in the following picture: That is important because the scheduler can already detect, before even starting with the execution of the project, if it is possible to comply with the deadlines or not.

If the "expected end date of the project" is later than the "required end date", then the scheduler, by having an overview of the complete project, can search for possibilities of schedule optimization.

C. Why different working calendars?

An activity can last days, weeks, or months, depending on the length of the project and how far in time on schedule we are from that activity. Normally, for a many-years-long project the scheduler will not define in deep detail all the activities from start to finish. Meaning that, if it is the beginning of the project, for the first year, the tasks will be divided into many activities, to be able to follow progress accordingly. But the tasks that have a starting date in the last year of the project will not be divided into many different activities, but instead, they will be "big" and long-duration activities.

For example, for the offshore wind farm construction, at the beginning of the project, there will be an activity called "Installing foundations" with a duration of 90 days, which is scheduled to start four years from the starting date of the project. When the date of "installing foundations" is approaching, the scheduler will divide this activity into many different activities, like "Install foundation N1", "Install foundation N2", and so on, each with a duration of 2 days, for example.

But, what does it mean when we say that an activity has a duration of two days? Is that considering a working day of 8 or 24 hours per day? What if, according to schedule, an activity is planned to start on a Sunday, would it be possible? Or is the person executing that activity working only from Monday to Friday? Does this mean that the duration of that activity will now be three days instead of two? But if during the execution of the project there is a delay and that activity is shifted and now is planned to start on a Tuesday, does the scheduler need to change the duration back to two days?

To avoid having all those issues, Primavera P6 provides different calendars by default and also gives the possibility of creating customized "working calendars", which is a very useful and necessary tool to create more accurate schedules.

In the case of the construction of an Offshore wind farm, we are going to encounter at least the following working calendars:

 Standard 5 day Workweek: Monday to Friday, 8 hours per day. This could be the case of the company in charge of designing the foundations, for example.

 7-Day Workweek: Monday to Sunday, 8 hours per day. An example of activity that work with this calendar could be Commissioning.

 6-Days 8-Hours: From Monday to Saturday. This could be a customized calendar provided by the company in charge of fabricating the foundations.

 24/7: Working every hour of every day. This is the case of the installation vessel, for example.

 Weather Downtime (WDT): This type of calendar considers the weather conditions that will directly impact the duration of an activity, for example during the process of installing the foundations and turbines. Because this is one of the most relevant calendars in the Offshore Wind Farm construction process, I dedicate a separate section to explain it in more detail hereunder.

D. The Weather Downtime

There are certain activities during the process of construction of an Offshore wind farm in which their duration is directly linked to weather conditions. Depending on the characteristics of the equipment that is used, the same weather condition will affect the operation to a greater or lesser extent.

For example, the activity of installing the foundations and the turbines can take more or less time depending if there are extremely strong winds and waves or not, and depending on the characteristics of the installation vessels.

Renting the installation vessel is one of the most expensive parts of the project, and it is paid per day, even if it is not being used due to adverse weather. Because of this, it is very important to plan as accurately as possible the time when this activity is going to be performed because that will directly impact the duration and the costs. Normally, the winter season will have higher chances of having fewer available working days than the summer season, but in billion-dollar projects, it would be good to be a bit more specific than that, right?

One good thing about weather is that there is a lot of historical data about it. Nowadays, with information about geographical location and historical data on weather conditions (speed of the wind, temperatures, waves, etc) it is possible to estimate the number of available working days per month for a particular activity [START_REF]Proove's website: Planning and weather: an introduction[END_REF] .

Let's analyze this with a concrete example.

Let's say that for this particular offshore wind farm project, a company specializing in weather statistics has provided us with an estimation of the percentage of available working days per month, with 80 percent of accuracy, for the particular location where the wind farm is going to be installed. This information is shown in the following image: Now, how can this information be transmitted to Primavera P6?

As was mentioned before, we can create a customized calendar, the "WDT Calendar".

During my internship at Proove, I learned a few different ways to do this, but here I am going to explain the one that, in my opinion, is the more accurate, easiest, and fastest to do.

First, with the available information, it is possible to transform percentages of working availability per month, into available working hours per day. The results for this particular example are shown in the following image: With that information, we go to Primavera P6 and select the option of creating a new calendar. We select the 24/7 calendar as a base, and then we edit it with the calculated information. What we need to do is to select all the days of the month and change the "work hours/day" from 24 to the correspondent one. For example, for April the working hours per day are 14 hours (as it is shown in Figure 16), so we change 24 for 14 on the "Work hours/day", as it is shown in following picture: We need to implement that same procedure for every month and every year that the project is going to be active, or at least the activities affected by this particular calendar. After successful creation of the calendar it is possible to assign it to the corresponding activities as it is shown in following picture: As it is possible to see on the above image, even though the activities from line 78 to 85 have the same duration of 2.9 days (see column "Original Duration"), the real duration is different in each case (see length of the bars on Gannt chart on the right). This is because in September the percentage of available working hours per day is 66,9% while in October is 47,9% making the real duration of the activities in October longer than the activities in September.

E. Creating different Layouts

During the project execution, the job of the scheduler is to update the schedule with all the changes that happened between one period and another and to communicate this information to the different stakeholders. One of the means used to communicate the updates is by printing the last version of the schedule. But not every stakeholder will need to know the same information, for some people only a high-level schedule is communicated and others would like to receive a more detailed one.

For that purpose, Primavera P6 has the possibility of creating different layouts. The layouts are views for the Primavera P6 screen, which are customizable to the scheduler's preference.

For example, it is possible to decide which columns are going to be shown, use some filters, set the colors, determine print settings, etc.

The following image show some of the elements that can be edited within a Layout: The scheduler can create different layouts for a particular project and use them to make different Print Settings for a same schedule to handover to different stakeholders according to their particular need.

II. S-CURVES

In a project with thousands of activities, sometimes it is difficult to rapidly detect if the presence of incongruences in the schedule. With an S-Curves graph is easy to visualize instantly if an activity needs to start in advance, or needs extra resources, to be done faster and be able to finish before its successor.

An example of a process represented by S-Curves it is shown in the following image: The Y-axis represents the Units, meaning foundations, turbines, and location. The X-axis

shows the dates at which each particular activity is perform. Besides the S-Curves, this graph also contains a Histogram representing the Units stored at the installation site, which will be explain in more detail in the following section.

For this particular example shown in Figure 20, it is possible to detect at first sight that the activities "Finish Installing Topsides" and its successor "Start Commissioning" are "collapsing" (marked with a red circle). According to the current schedule, after 8/12/2023, the activity "Start Commissioning" is going to be performed before installing the topsides in those same locations (between locations 58 and 100). However, that order of events is not possible in reality, because to perform commissioning, the turbines need to be already installed.

Thanks to representing the activities with S-Curves, these types of issues are much easier to detect than by looking at a schedule with thousands of activities.

After detecting the issue, it is possible to take corrective measures, like adding resources to accelerate an activity, or planning a later start of some activities, etc. In this particular example, extra resources were added for the installation process and the start for commissioning was postponed a few days to avoid the collapse of the activities. The result is shown in following image: A Histogram is a diagram consisting of rectangles whose area is proportional to the frequency of a variable and whose width is equal to the class interval [START_REF]Oxford Dictionary: Definition of Histogram[END_REF] . Different things can be represented with this type of graphic. In particular, for the offshore wind farm, it can be used, for example, to represent the number of foundations stored at the installation site during a 38 determine period of time, which is not possible to see by looking at a schedule on Primavera P6.

Let's see this with a concrete example.

The Figure 22 shows an extract of a schedule from Primavera P6, where it is possible to see the following activities: "Fabrication of foundations", "Delivery of foundations to installation site", and "Return of vessel to fabrication site". These activities are represented with different names according to the foundations that are being fabricated, and the vessels that are being use to transport the foundations from fabrication site to installation site (V1, V2 or V3). By just watching the schedule, it is not easy and direct to see how many foundations will be stored at the installation site and for how long. That is important information needed to calculate storage costs.

Besides, it can be possible to have some restrictions regarding the maximum amount of foundations that can be stored simultaneously.

To visualize this information easily, we can make use of the histograms, as it is shown in the following image for this particular example: With the histogram, it is possible to quickly see that the maximum amount of foundations that will need to be stored at the same time in the installation Site is twelve for the period between 02/07/22 to 13/08/22.

What if the storage capacity only allows for a maximum of eight foundations at the same time? For that case it is possible to try a new configuration for the transportation, as it is shown in the following picture: 

IV. VISUALIZER

"Visualizer" is a tool within Primavera P6 that allows to do Schedule Comparisons. This can be use to check if any changes have been made to the schedule from one month to the next one. If there are any changes, the goal is to understand why these changes have been made and if they need to go back to the original version or they can be maintained.

For example, once July 2022 is over and that month's schedule has been updated, the Project Controls Engineer will compare it with June's schedule and check if important changes have been made. In case these changes affect somehow the project, clarification on these changes will be needed.

Some of the items that are compared and checked if they have changed are:

 WBS Name: Minor changes are accepted, but not any that may cause confusion to the recipient of the schedule. For example, changing a name from "Phase 1" in June to "Phase 3" in July is not acceptable.

 Activity Name: Same case as for WBS Name.

 Critical Path: Which are the activities part of the Critical Path? Are they the same as last month, or some have been added or subtracted?

 Constraints: Does some activity has a "Mandatory Finish" or "Mandatory Start"?

These constraints are not accepted, except in the particular case that they are used together with a flexible constraint for the same activity to easily visualize possible delays.

 Duration: Has the duration of any activity changed? What caused this change? Did they add more resources to accelerate the process? Is important to make a special focus on those activities with a change of duration that are part of the critical path, because a delay in those activities will cause a delay in the whole project.

 Actual dates: Activities that are already finished should not change their actual dates, but in some cases, it is possible to find this situation on the schedules. For those cases is important to ask for clarification on these changes.  Relationships subtracted?: We need to find the reason behind the subtraction of relationships between activities. A reason could be that if some activities were eliminated, the relationships between those activities will be deleted as well.

Many of the concepts and theories explained in this report, such as the definition of the critical path of a project and how to calculate it, the risk management process, and the use of Power BI for reporting were things that I learned during my course in the Applied Corporate Management Master Programme.

Being able to see how all those things are applied in real life, and their contribution and added value to the projects is one of the things that I appreciated the most from doing the internship at Proove.

Additionally, during the six-month internship at Proove, I got to learn a lot of new things that I did not study or work with before.

The top three things that I found interesting the most were learning about:

 the process of installation of an Offshore Wind Farm;

 Oracle Primavera P6 tool, how is it used for planning and scheduling projects with numerous activities;

 and finally, why is the use of different working calendars during the scheduling of a project so important.

All in all, with the whole experience, I confirmed that I not only enjoyed learning all those things in class, but I also enjoyed putting them into practice in real life and using them to contribute to the smooth and successful execution of projects. 
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  If an activity was marked as finished on 12/5/22 on June's schedule, we need to understand the reason why on July's schedule that same activity is marked as finished on 23/6/22, for example. Activities added?: If some activities were added with respect to the previous schedule, is important to understand why. When the start date of an activity with a long duration is approaching, is normal to find that this activity is deleted and divided into multiple and more detailed activities of a shorter duration.

 Activities subtracted?: Were some activities deleted? Why? It could be because of what has already been explained in the previous point.

 Relationships added?: If some activities are added, is normal that more relationships will appear. Is important to check if the relationship type SF is being used, and in that case, ask to remove it and express that relationship differently. SF relationship types are not recommended.
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FOREWORD

This thesis was written to comply with the requirements to finish my Master's degree in Applied Corporate Management at IAE Grenoble, France.

The subject of this thesis is Project Controls, its scope, and the role of the Project Controls Engineers, in particular in mega-projects such as the construction of Offshore Wind Farms. PART 4 : -CONCLUSION

CONCLUSION

In large projects, such as the construction of offshore wind farms, the accumulation of short delays and small cost overruns can lead to major problems and even cause the failure of the entire project.

Because of all that, it is key to mitigate risks by implementing risks management processes even before starting with project execution. Having a well done schedule that respects certain standards to maintain schedule quality, and updating it regularly are other ways to contribute to project success.

In addition, having the ability to communicate progress and deviations to the appropriate decision-makers in a timely manner will provide those in charge with information that will also contribute to the success of the project.

Risk management, schedule management and reporting are just examples of the ways that project controls can help to avoid major catastrophes within mega projects. There are many tools available in the market to facilitate these tasks, and I personally would recommend any project controls engineer to invest their time in learning how to use those tools, because the return on investment in terms of time saved and errors avoided, is huge.

Of course that tools are useful, and they can help detect deviations on time and react properly. But it is important to also be proactive and try to detect possible deviations before they occur.

After all the explanation of the scope and abilities of the project controls engineers, it is easy to conclude that their contribution to big and complex projects is crucial and necessary.

Due to the international goals to mitigate GHG emissions, many mega-projects related to renewable energies will be taking place in the upcoming years, and they will definitely profit from the skills and knowledge of the project controls engineers.

Therefore, I have no doubt that, of course, as with all careers, this one may also evolve and will need new soft and hard skills that today are not on the requirements list, but for sure is a career that still will be needed in the long term, and I do not see why could the role of a project controls engineer become obsolete soon. Of course, new tools will be developed, and new hard and soft skills will be needed, but the PCE will still be necessary, always.