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Management summary

Recently, city Z has been dealing with water and climate-related problems, most
importantly: a surplus of water (causing flooding) during the monsoon season and a
deficit of water (causing drought) during the dry season. A new innovative project has
started to prevent these problems: Project X. The project will be implemented in one of
the most vulnerable parts of city Z. Currently, there is a chance that the project will be
cancelled or delayed, by COVID-19 and several risks the project faces.

The research goal of this thesis is to identify the risks of Project X and study their
influence on the project duration. With this in mind, the research question of this study
can be described, namely:

What risks should be prevented to finish Project X in time?

Research method
To answer the research question, a specific method is used. For this method, first the
baseline schedule of the project was determined with the corresponding network diagram,
then the risks were identified with the distributions of the activities. The pessimistic time
estimation is the duration of an activity when all risks occur and the optimistic time
estimation is the duration of an activity when none of the risks occur. These distributions
were based on a survey sent to the stakeholders, in which the stakeholders filled out the
optimistic, realistic and pessimistic time estimation of each activity. Additionally, they
were asked to determine the top three risks of each activity with its corresponding severity.
With this data, the risks per activity were determined. After the identifications of the
risks, a Monte-Carlo simulation was performed to identify the critical activities and their
corresponding risks. The activities were identified with sensitivity indices, these indices
can be analysed to determine if an activity is or is not critical and if they influence the
project. Furthermore a scenario analysis is made to identify five different scenarios of the
project and to study if the duration of the project is reduced when risks are minimised.
So per scenario, different risks were prevented to see the influence on the project duration.

Each activity is assumed to follow a beta PERT distribution (PERT is used when
durations are uncertain and estimates the probability that the project finishes by the
given deadline), which is dependent on three parameters (min, the optimistic time
estimation, mode, the realistic time estimation, and max, the pessimistic time estimation)
and its shape parameters (α and β). The identified risks are scaled with a risk matrix,
which depends on the likelihood of occurrence of the risk and the severity of the risk.
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Results and conclusion
Project X consists of twenty activities divided in seven phases. The phase B and phase
D consist of sub activities, the phases are connected to each other through relationships.
Some of these phases can only start when its predecessor is finished and some activities
start at the same time. The implementation phase consists of three separate phases, each
containing three sub phases: K, L and M.
There are three internal deadlines for this project: the elections for the mayoralty, starting
on 01-11-2020, the World Water Day starting on 22-03-2021 and the end date of the
project on 31-08-2021. The first deadline is the elections before which the phase B.2 must
be finished. The second deadline is the World Water Day before which phase B.3 must
be finished and the whole project must be finalised before the end date. In total 41 may
risks affect the project. The risks are determined with the help of the main stakeholder
by discussing the project. The most occurring risks are risks f, g and s. The risks can
influence the activities in such a way that when all risks occur, the pessimistic duration of
the activities happens. So these risks are included into the distribution of the activities.

According to the performed simulation, the optimistic estimation to carry out the
project takes 406 working days, the most realistic estimation takes 520 working days
and the pessimistic estimation takes 641 working days. The end date of the project for
the optimistic duration is 23-08-2021, the end date of the project when the pessimistic
duration occurs is 18-07-2022 and the expected end date of the project is 08-02-2022.
The planned duration of the project is 412 working days, so the chance that the
project finishes in time is really slim. Also, the deadlines for every estimation are not
reached, only in the optimistic time estimation the end date deadline of the project is
achieved. Therefore, different scenarios are studied to observe if the activity duration is
reduced when risks are prevented. The scenarios studied are changes in the optimistic
duration of the project, in the realistic duration and in the pessimistic duration, the
fourth scenario is about preventing the risks that can occur the most and can have
the most impact on the activities. The last scenario is based on the critical index
of the activities, where risks are prevented for the activities with the highest critical
index (CI). The adjusted optimistic, most realistic and pessimistic time estimations for
every scenario are depicted in Table 1. In every scenario, none of the deadlines are reached.

Table 1: Number of working
days of each scenario

Scenario min mode max

1 441 531 626
2 444 512 601
3 453 514 593
4 433 525 594
5 451 505 580

Scenario 1 researched preventing risks for the optimistic
time estimations, three risks can be prevented by the
stakeholders for three phases. Scenario 2 prevents risks
according to their realistic time estimation for also three
phases. For this scenario seven risks can be prevented.
Scenario 3 is based on the pessimistic time estimation
of the simulation model. For this scenario four risks are
prevented for three activities. Scenario 4 prevents the
risks that have the most impact and occur often in all
activities. From these risks, two risks can be prevented
by stakeholders as they have an influence on these risks,
these risks should be prevented for all activities. Scenario
5 focuses on the CI values of the activities. For the
activities with the highest CI values (0.96), the risks are investigated and there are five
activities with this CI value. There are 16 risks that occur in three or more activities.
From these risks, seven risks can be prevented by the stakeholders.



Recommendations
The difference between the optimistic duration and pessimistic duration of the planned
schedule is 235 working days, because of the large difference it is recommended to reduce
this by following an investigated scenario of this research. In three scenarios the project
duration is kept under 600 working days, namely, scenario 3, 4 and 5. Scenario 1 and 2
take 1.46 and 1.52 times as long as the planned duration when the pessimistic duration
occurs, therefore these are not recommended. Scenario 3 consists of the worst optimistic
time estimation compared to the other scenarios (453 working days), therefore this
scenario is also not recommended. If the project manager decides to choose a scenario to
follow, one of the other two scenarios is recommended, as in the worst case, the duration
of the project is less than 600 working days and the optimistic duration is less than 453
working days. When the project manager wants to prevent the least number of risks
compared to the other four scenarios, scenario 4 should be chosen. The realistic duration
takes 525 working days, but the pessimistic duration (594 working days) is still below 600
working days. As this scenario prevents only two risks, these risks should be prevented
for all activities. However, the optimistic duration of this scenario is the least of all the
scenarios (433 working days). When the project manager wants to have a minimal realistic
duration, scenario 5 is recommended as the pessimistic duration (580 working days) takes,
just as the realistic duration (505 working days), the least amount of days compared to
the other four scenarios. One thing to keep in mind is that, seven risks should be reduced
for five activities in total, which is much work and many risks. Therefore the two scenarios
are recommended, namely scenario 4 and 5.
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Glossary

consortium partners organizations (companies, knowledge institutes, nongovernmental
organizations) that, together with the lead partner carry out activities within the
project, they have an interest in the continuation of the project. 1

critical path the longest path of dependent activities in the network from the start till
the finish node. 6

directed arcs a graph in which the edges have a direction. 9

dynamic scheduling the process which presents real-time events, it analyses current
status of schedules and automatically modifies the schedules with optimised measures
(Fahmy et al., 2014). 3

makespan the time difference between the start and end of the activity. 9

risk averse the stakeholder chooses the preservation of capital over the potential for a
higher-than-average return (Chen, 2020). 14

risk neutral the stakeholder is neither risk averse nor risk seeking. Any decision is not
affected by the level of uncertainty of the outcomes. When two possible scenarios
carry the same level of benefit, the risk neutral stakeholder will not be concerned if
one scenario is riskier than the other (SCRUM, 2017). 14

risk seeking the stakeholder is willing to accept risk even if it delivers a marginal increase
in return or benefit to the project (SCRUM, 2017). 14

sensitivity indices indices that can be analysed to determine if an activity is critical or
not, so if they are influencing the project duration. 4, 49

stochastic random or involving chance or probability. 15
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Chapter 1

Introduction

In this thesis, research has been conducted to obtain the Industrial Engineering and
Management bachelor of Science degree. The research had a preparation period from
February 2020 till April 2020, and the research was done from June 2020 till October 2020.
The research was carried out at the company "The Water Agency". In this chapter, the
company background is given (Section 1.1), followed by project background in Section
1.2, next the problem identification is given in Section 1.3, which has been supported by
a problem cluster. Lastly, the research goal and method are described (Section 1.4 and
Section 1.7). Additionally, the deliverables are discussed in Section 1.8 and in Section 1.6,
the research questions are mentioned. To conclude the introduction, a reading guide is
added.

1.1 Company background

This research was done within the framework of Project X and has been carried out on
behalf of The Water Agency. Project X is further explained in Section 1.2. The Water
Agency has its main office in Hilversum, the Netherlands and several other office’s in the
Asia-Pacific region: Myanmar, Indonesia, Australia and Vietnam. They have the vision
and mission that water is a valued and shared force of life for all people in Asia-Pacific
(About The Water Agency , n.d.). This mission is achieved by setting up local Water Hubs,
which are places where education, knowledge, business and communication come together.
As such, it is a place that connects, engages and inspires people and organisations to
collaborate, share knowledge and create solutions that address the regions most pressing
water issues.

1.2 Project background

Due to confidential issues, this section is removed.

1.2.1 Stakeholders

When conducting research, it is important to know who is involved in the project and how
they influence the project. In the project, there is a consortium of Dutch companies that
is responsible for designing, planning and executing the pilot project, in the stakeholders
table, these members are the consortium partners.

Due to confidential issues, the table of the stakeholders is removed.

1
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1.3 Problem identification

Due to confidential issues, this section is removed.

1.3.1 Problem cluster

A problem cluster is used to find out the connections between different problems (Heerkens
& van Winden, 2017). To come up with the problems, different talks with the stakeholders
took place to make sure that everything is included. The problem cluster of this project is
depicted in Figure 1.1. With this problem cluster, the research problem can be identified.
This research concerns the risks that involve the project; this is depicted with the coloured
square in the problem cluster.

Figure 1.1: Problem cluster

In Figure 1.1, the main problem is depicted, which is that the project is delayed
or cancelled. Possible causes are: the unexpected COVID-19 virus, the bad weather
conditions that can arise during the monsoon season, no optimal coordination between
the stakeholders and delays in the execution of the activities.

The stakeholders have different interests in the project, there are language barriers, due
to different nationalities and expertises, and stakeholders are working from home. These
three problems result in a suboptimal coordination between the stakeholders. The bigger
companies do not have a problem when there is a time delay, because they have enough
capacity (resources) to continue the project when there is a substantial amount of delay.
Therefore, they are more focused on the quality of the project. The smaller companies will
face more consequences when the delay increases as they do not have sufficient provisions
when there is a substantial amount of delay. Each stakeholder has its own task to perform,
this means that they are seeing the project in a different way than another stakeholder.
Due to working from home, stakeholders are dependent of the internet. It is also easier to
see one other in real life when communicating, which is not possible at this moment.
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On the left side of the problem cluster, one potential problem is that activities are not
finished in time. This can be caused by not having a mitigation strategy, which means
that there is no strategy for decreasing the delay of the project. So no risk analysis is
made for this project. Therefore, it is difficult to foresee future problems that can result in
a possible project delay. The risks of the project and their influences are not determined
yet. At this moment, the stakeholders do not know the risks that concern the project and
how these risks influence the project. With a strategy, different risks can be prevented to
prevent delay of the project.

1.3.2 Core problem

In the problem cluster, there are many issues that the project is facing. Two potential core
problems cannot be solved, the monsoon season and the COVID-19 situation. Therefore,
only two other potential core problems remain, namely: activities are not finished in time
and there is a suboptimal coordination between the stakeholders. These sub problems are
caused by several other problems, which can be seen in Figure 1.1. The most relevant
subject to change is that activities are not finished in time. This is caused by not having a
mitigation strategy. The mitigation strategy can have the most influence when the delays
are prevented. This is also the most important subject of them all because a risk analysis
can prevent future problems by implementing solutions to these risks and with a risk
analysis preventing different risks can be researched. This can cause different strategies
that can be implemented. Therefore, the core problem is that the project has no mitigation
strategy, and as such, a risk analysis must be made to take all the risks into account.

The norm of the core problem is to have a risk analysis, while in reality, there is no
risk analysis at this moment in time. The core problem for this research will therefore be:

"What risks should be prevented to finish Project X in time?"

1.4 Research goal

According to the project plan of the project, the interventions of the pilot project need to
be finished by September 2021 with a critical, intermediate milestone in November 2020
to demonstrate significant and tangible results to the Chief Minister and Mayor of the
government. At the same time, the project is facing serious potential impact from both
the upcoming national elections in county Y (8 November) and the spread of COVID-19
which may endanger both the intermediate and final milestones. Therefore, the goal of
this research is to identify the risks of the project and monitor the impact of the risks on
the project so their influence on the project is known. With these monitored influences
of the risks, risks can be prevented to see if the project can finish in time. When a risk
has an impact on the duration of the project, the prevention of this risks will be simulated
and with the help of a simulation the impact of the risks will be simulated in different
scenarios.

1.5 Theoretical framework

This research is based on the four steps of Vanhoucke (2013) and existing literature used
in practise. These steps help to create a timeline and intervene in the existing risks of the
project. His book deals with project management and dynamic scheduling; he creates an
approach to identify the risks and advises the project manager on how to deal with and
control the existing risks. With these steps, it is possible to identify the risks and the project
schedule, which will be necessary when creating a risk analysis. From this risk analysis,
a scenario analysis was developed to see if preventing certain risks will influence the total
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project duration. The scenario analysis is supported by the Monte-Carlo simulation and
the sensitivity index CI.These four steps are depicted in Figure 1.2.

Figure 1.2: Four steps to create a risk analysis (Vanhoucke, 2013)

Literature and mathematical formulas support each step, for example, when creating
a critical path. So the four steps in words are:

1. Creating a baseline schedule with a network diagram.

2. Identifying the risks and the probability distributions of the activities.

3. Creating a Monte-Carlo simulation to get an overview of the duration of the project.

4. Identifying the simulation outputs with sensitivity indices.

This theory is implemented in the research and knowledge questions that support the main
research question. These questions can be found in Section 1.6.

1.6 Research questions

With the research goal in mind, the research question that is central during this research
is:

"What risks should be prevented to finish Project X in time?"

To answer the research question, several other research and knowledge questions should
be answered first. These questions are based on the problem-solving method and their
deliverables.

1. Which method can be used to create a risk analysis?

1.1 What is a baseline schedule?

1.2 What methods can be used to schedule activities?

1.3 How can risks be defined?

1.4 What method can be used to create a simulation model?

1.5 How are the simulation outputs measured?

2. What is the current schedule of Project X?

2.1 What activities need to be scheduled?

2.2 What are the milestones of the project?

2.3 What is the project’s network?
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3. What risks influence the duration of the project?

3.1 What are the risks of the project?

3.2 What is the impact of the involved risks?

4. What solutions can be created to prevent the risks of Project X?

4.1 What solutions are there to prevent the risks of an activity?

4.2 How much do these solutions influence the end date of the project?

1.7 Research method

In this section, the research method is discussed. The research method is based on the
research questions of this research. This involves the methodology used in this research,
the data gathering method with its variables and data analysis method, and how the
validity and reliability of this research can be assured. The data method is created with
the research questions of Section 1.6 in mind.

1.7.1 Methodology

According to Heerkens & van Winden (2017) there are seven phases of a problem-solving
method, namely:

1. Defining the problem

2. Formulating the approach

3. Analysing the problem

4. Formulating (alternative) solutions

5. Choosing a solution

6. Implementing the solution

7. Evaluating the solution

This managerial problem-solving method has been used in this study to solve the
corresponding action problem and as such, it is important to follow these seven steps.

1.7.2 Data gathering method

According to Cooper & Schindler (2014) "research design is an activity- and time-based
plan, a plan based on the research questions, a guide for selecting sources and types
of information, a framework for specifying the relationships among the variables and a
procedural for every research activity". There are three kinds of studies, an analytical
study, a descriptive study and a causal study (Cooper & Schindler, 2014). This research
is an analytical study, as this research investigates hypothesised relationships between
risk factors and the outcome. It identifies and quantifies associations, tests hypotheses
and identifies causes, exactly what happens in this research (Aggarwa & Ranganathan,
2019). Explanatory research develops concepts more clearly, establishes priorities, develops
operational definitions and improves the final research design.

For this research, the quantitative method has been used (e.g. conducting information
from the stakeholders by surveys). The stakeholders are the focus group of the research
and the goal of the survey is to identify the impacts of the risks and the durations of the
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activities. Furthermore, secondary data will be used, namely, data from other articles. The
research starts with the data of the project to see what information is present and what
information is still needed.

Variables

The key variables of this research are the risks. The main variable needs to be
operationalisable, risk can be measured in terms of risk ratings. These ratings are
dependent on the likelihood of occurance of the risk and the severity of the risk.

One index will used to identify the simulated duration of the activities. These key
variable is the CI, critical index, which is linked to the critical path method (Kandaswamy,
2001). When this index is identified, it can be very useful to the company to see whether
or not they need to intervene in an activity, to prevent risk, or make the risk smaller, so
the chance that the risk will happen is minimised. The criticality index (CI) "measures
the probability that an activity is on the critical path". (Vanhoucke, 2016)

Data analysis method

The surveys are a quantitative research method. Answers from this quantitative research
model can be obtained by following four steps: getting familiar with the data, revisiting
research objectives, developing a framework and identifying patterns and connections
between the surveys (Bhatia, 2018).

In this thesis, a literature study was conducted to answer the knowledge questions
(Section 1.6). These studies are qualitative research methods because different articles
were analysed to see what they have in common.

The Monte-Carlo simulation will calculate the effect of the unpredictable variables with
a specific factor. Furthermore, it will help to predict the risks, which is needed to make
a risk analysis. The simulation will use random numbers and data to stage a variety
of possible outcomes to a situation, by testing the possibilities, the effect of the random
variables on the project can be understood (Liberty, 2019). Therefore the simulation is a
quantitative research method.

1.7.3 Validity and reliability

Validity and reliability are essential in research. According to Middleton (2019), validity
concerns the accuracy of a measurement and reliability entails if similar results are achieved
when using the same method and circumstances.

Validity must be considered in the early stages of the research (Middleton, 2019), it
is about how the data is collected. Reliable and valid literature must be found to have
a basis for the research and survey. For the questionnaire, an appropriate method of
measurements needs to be chosen. This survey needs to have a basis which is standardised
and is considered reliable and valid. For an accurate and reliable risk analysis, it is essential
to get as much information as needed about the activities and risks. The inputs, from the
Monte-Carlo simulation, are obtained from the stakeholders in a questionnaire form and
are therefore less reliable.

Reliability must be considered throughout the data collection process (Middleton,
2019). Reliability of the research can be guaranteed by applying different methods
consistently and standardising the conditions of the research.
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1.8 Deliverables

Surveys from the stakeholders were conducted to gather information about the current
schedule and risks. Additionally, a literature study on how to perform a risk analysis and
already existing solutions was carried out. Furthermore, the research delivers a baseline
schedule, an analysis about the risks and the sensitivity results. The research is a simulation
model, so a Monte-Carlo simulation was developed to support the study. To conclude the
research, advice on which scenario to implement in the project is given.

1.9 Reading guide

In this research, the core problem "What risks should be prevented to finish Project X
in time?" is answered. To investigate this problem, first a literature study was done
in Chapter 2 to determine the method necessary to perform the research. In this
chapter baseline scheduling is discussed, as well as network diagrams, risks, Monte-Carlo
simulation, simulation output and an action threshold.

Chapter 3 discusses the current situation of the project. It is important to determine
the schedule of the project and its risks to investigate the core problem. A survey is also
introduced in this chapter. The survey will help to understand the importance of the risks
and how the risks are influencing the activities. With the help of the respondents, the
optimistic, pessimistic and realistic time estimations of the activities are determined.

Chapter 4 discusses the simulation model to see if activities are deviating from the
planned durations and the planned schedule. Here the scenario analysis is also introduced
to investigate several scenarios.

The results of the research are explained in Chapter 5. This entails the results of the
survey, the Monte-Carlo simulation and the results of the scenario analysis.

The research is concluded in Chapter 7 and recommendations to decrease or prevent
the delay of the project are suggested. The report is closed with an Appendix.

7 A.J. Stok Chapter 1



Chapter 2

Literature review

Completing a project within the given time frame is not an easy task. Scheduling a project
is the first step to indicate the projects end date. For this timeline, a baseline schedule
needs to be created. This is the basic timeline of the project. In this chapter, the research
question which method can be used to create a risk analysis? and its sub-questions what is a
baseline schedule, what methods can be used to schedule activities, how can risks be defined,
what method can be used to create a simulation model and how are the simulation outputs
measured are answered. Section 2.1 explains how to create a baseline schedule. In Section
2.2, the critical path and the network diagrams which are used to create the timeline with
dependent activities are described. Furthermore, the identification of the risks (Section
2.3) are mentioned, as well as the distribution of the risks (beta distribution).

To identify the most critical activity (the activity that is the most deviated), a
Monte-Carlo simulation will be created. This method is explained in Section 2.4. One
index from the simulation output (Section 2.5) is used to identify the most critical activity.

2.1 Baseline scheduling

Completing the project within the constraints of the cost, quality, scope, time, resources,
and risks determine the success of a project (Project Management Institute, 2013). Success
refers to the last baseline that is approved by the stakeholders, a baseline that takes into
account the possible risks that can occur. When making a risk analysis, baseline scheduling
is important. According to the Oxford dictionary (Oxford University, 2020), a baseline is
"a line or measurement that is used as a starting point when comparing facts". So when
making a risk analysis, the baseline is the basic schedule made at the beginning of the
project, when the project is not started yet. With this baseline, a comparison is made
when risks are occurring, and possible solutions can be implemented to prevent these
risks. There can be different kinds of baselines, e.g., the scope baseline, cost baseline,
and schedule baseline (Project Management Institute, 2013). For each baseline, different
researches can be done. A baseline schedule is the approved version of the scheduled model,
which is the basis for a comparison to the actual results. This baseline is accepted and
approved by the appropriate stakeholders with its start dates and baseline finish date.

When starting a project, it requires a project-planning phase that consists of a
baseline schedule and risk analysis (Votto et al., 2020). This step includes the project
network with the activities, dependencies, and durations, which serves as a basis for
this schedule. Although it is doubtful that every activity will proceed according to the
plan, the baseline schedule plays a central role in making a risk analysis. During project
execution, performance indicators can be monitored to detect deviations from the baseline
schedule. The baseline schedule measures deviations and takes necessary actions to correct
the deviations as early as possible to ensure that the project is completed on time. When
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an abnormal behaviour occurs concerning the initial schedule, this must be detected and
interpreted to make any changes.

Most of the time, there is an evaluation of the actual project performance in comparison
to the baseline schedule, which can track the progress of the project (Assaad et al., 2020).
So, a well-intentioned level of protection against the risks could be reached by planning a
baseline schedule (Yeganeh & Zegordi, 2019). There is a challenge for project managers
to minimise the makespan of the project while satisfying the project constraints. A good
baseline schedule can prevent many delays, as well as more costs and time overrun. The
risk analysis identifies the major risk factors and can see if risks influence the baseline
schedule. Using identified risk factors, their probability of occurrence and impact, a flexible
baseline project schedule can be created. This schedule is sufficiently protected against the
unexpected disruptions that may occur during project execution and that threatens the
due date performance.

2.2 Network diagrams

A project schedule can be classified into three sections, the Gantt chart, the milestone
chart, and the project schedule network diagram (Project Management Institute, 2013).
A Gantt chart shows in detail the tasks of the project (O’Cull et al., 2011). The left side
of the chart displays the tasks; the right side displays a bar chart. This bar chart shows
the information about the tasks on a timescale graphically. The milestone chart shows the
different planned milestones in a graph and has the same settings as the Gantt chart.

Nodes and arcs define a network diagram; in this thesis directed arcs are used. Nodes
are the vertices of a graph, set of points. According to Winston (2004), "an arc consists
of an ordered pair of vertices and represents a possible direction of motion that may occur
between vertices". Motion is possible from node i to node j. This is defined as (i, j) where
node i is the initial node, and node j is the terminal node. There are two kinds of activity
network diagrams, the activity on arc (AOA) and the activity on node (AON) network
chart (Yang & Wang, 2010). AON is a technique where the node represents a job, and the
arrow represents the relation between the two jobs. The arrow should be presented from
left to right (this is the job direction). An AON network, compared with an AOA network,
has fewer nodes, is clear and easy to draw. The AOA network is slightly different. The
arrow represents a job, the end (flat side) represents the beginning of the job, and the head
(the barb) represents the end of a job. Two methods can be applied to both diagrams:
CPM (Critical Path Method) and PERT (Program Evaluation and Review Technique)
(Winston, 2004). These models can be used in scheduling large complex projects that
consist of many activities, just like Project X.

CPM is used to determine how long activities in the project can be postponed without
delaying the project. PERT is used when durations are uncertain and estimates the
probability that the project finishes by the given deadline. To apply CPM and PERT,
a list of activities (jobs on the arcs) must be present. The project is completed when
all activities are finished. Some activities have predecessors, so activities that must be
completed before the next activity can start.

The critical path is the longest path of dependent activities in the network from the start
node until the finish node. A delay in the critical path causes a delay in the completion
of the whole project. Therefore it is advisable to monitor the critical activities closely.
Both the CPM method and the PERT method are based on Winston (2004). The CPM
method is explained in Section 2.2.2, and the PERT method is explained in Section 2.2.3.
First, the relationships between different activities are explained, so these methods can be
applied in both the PERT and CPM method.
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2.2.1 Relationships

Activities can be connected in different ways, this sections discusses the
connections/relationships. In a network diagram, there are different relationships
between the scheduled activities. There are time lags between different relationships,
different types, and a minimal and maximal which influence the relationships between
activities. These need to be implemented in the networks. There are also milestones in
a network diagram. These milestones need to be finished on the exact date as planned.
So it is of great importance to make sure that the activities are not delayed and that
relationships between activities and milestones are identified.

Time lags

Time lags are the times that can occur between activities. For example, FSij means finish
to start, so activity j can only start after activity i is finished (Vanhoucke, 2013). A zero
time lag means that j can immediately start when activity i is finished. This is denoted
by FSij . When there is a time lag, n > 0, activity j can start n periods after activity i
is finished. This is a non zero time lag and is denoted as FSij = n. These time lags can
be implemented in different types of relationships. An example of a time lag is when an
activity is starting one month after the start of an other activity. The activity is for example
the implementation of different interventions. Monitoring interventions can start already
when the first intervention is implemented, this means that the activity of implementing
different interventions does not have to be finished when starting the monitoring activity.
Therefore the monitoring activity can start when the first intervention is implemented, so
for example, one month after the start of the intervention activity.

Links between activities

There are four kinds of relationships in a network diagram: the SS (start-to-start)
relationship, the FF (finish-to-finish) relationship, the FS (finish-to-start) relationship and
the SF (start-to-finish) relationship (Vanhoucke, 2013).

SSij = n means that activity j can start n time periods after the start of activity i.
This relationship can also be zero, so the activities are starting at the same time.

FFij = n means that activity j can only finish n periods after activity i is finished.
Just like the SS relationship, the FF can be zero, so activity j can finish at the same time
as when activity i is finished.

FSij = n means that activity j can only start n periods after the finish of activity i.
This relationship can also be zero, which means that j can be started at the same time
when activity i finishes. SFij = n means that activity j can only finish n periods after the
start of activity i. This relationship can also be zero, which means that j can be finished
at the same time as when activity i starts. These relationships are depicted in Figure 2.1.

Figure 2.1: Relationships of network diagrams (Vanhoucke, 2013).
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Minimal/Maximal

All the relationships explained above are all part of the minimum requirements. The
minimum relationship is denoted as FS−ij = n (Vanhoucke, 2013). This means that
activity j can start n or more periods after activity i is finished. When there is a
maximum relationship between activities, this is denoted as FS+

ij = n. This relationship
is the exact opposite of the minimum relationship and means that activity j can start n
or fewer periods after activity i is finished.

The relationships are connected to the activities of the schedule. When a network
of activities are created and there is a delay in one of the activities, the next activity has
to start later than planned.

2.2.2 CPM

The goal of CPM is to know how long activities can be delayed without delaying the total
time of the project (Winston, 2004). The free float measures the amount of time that a
scheduled activity can be delayed without delaying the early start date of an immediate
successor within the network path. Free float is denoted as FL(i, j) where i is the first
node and j is the following node.

It is important to determine the early event time and late event time of the activities
when finding the critical path. The early event time of node i (ET (i)) is the earliest time
that an activity/event (corresponding to node i) can occur. The late event time of node i
(LT (i)) is the latest time the activity/event (corresponding to node i) can occur, without
delaying the end time of the project.

ET (j) is the earliest time an activity can start. To calculate ET (j) the predecessors of
j should be known, these are presented as Bj . So Bj is the set of nodes that are directly
preceding j. To compute ET (j) (for j > i) one or more ET (i) should be known. A formula
of the ET (j) is shown in Equation 2.1, tij is the duration of activity (i, j). When j = 1,
ET (1) = 0 because node 1 represents the start of the project.

ET (j) = max
i∈Bj

(ET (i) + tij) (2.1)

LT (i) computes the latest time at which an event (i) can start without delaying the
whole project. For this equation the latest time of successors of i should be known (j > i).
Equation 2.2 shows the formula of LT (i). Where Ai represents the set of nodes directly
succeeding i.

LT (i) = min
j∈Ai

(LT (j)− tij) (2.2)

To find the critical path, with its critical activities, the total float of an activity should
be zero. When the total float is zero, any delay in an activity will cause a delay in the total
time of the project. The Total Float (TF (i, j)) "is the amount by which the starting time
of activity (i, j) could be delayed beyond its earliest possible starting time without delaying
the completion of the project (assuming no other activities are delayed)" (Winston, 2004).
In other words, the total float is the amount of which an activity duration can be increased
without delaying the project. The corresponding formula is shown in Equation 2.3, when
TF = 0, the activity is critical.

TF (i, j) = LT (j)− ET (i)− tij (2.3)
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2.2.3 PERT

PERT models the duration of activities as a random variable (Winston, 2004; Vanhoucke,
2013; Dan Reid & Sanders, 2010). The duration of activities is estimated by someone
who is familiar with the activity and has enough knowledge about the characteristics. The
PERT method is characterised by three parameters:

min = optimistic time estimation, perfect path, shortest time.
mode = realistic time estimation, most likely value for activity durations.
max = pessimistic time estimation, worst case path, longest time.

The PERT model follows a beta distribution (Conant, 2018), which has different shape
parameters (α and β) depicted in Equation 2.4 and Equation 2.5. The influence of the
shape parameters is depicted in Figure 2.5.

α =
2(b+ 4m− 5a)

3(b− a)

[
1 + 4

(m− 1)(b−m)

(b− a)2

]
(2.4)

β =
2(5b− 4m− a)

3(b− a)

[
1 + 4

(m− 1)(b−m)

(b− a)2

]
(2.5)

Figure 2.2: The influence of the shape parameters on the beta distribution, (Statistics,
Data Mining, and Machine Learning in Astronomy: A Practical Python Guide for the
Analysis of Survey Data, 2014)

The formula of the beta PERT distribution is displayed in Formula 2.6, where f(x) is
the probability density p(x|α, β, a, b) (Hahn, 2008; Hajdu & Bokor, 2014).

f(x) =


Γ(α+ β)

Γ(α)Γ(β)
∗ (x− a)α−1(b− x)β−1

(b− a)α+β−1
if a ≤ x ≤ b and α, β > 0

0 otherwise
(2.6)

Chapter 2 A.J. Stok 12



Decreasing the delay of Project X

The expected time for an activity is given in Formula 2.7, the standard deviation of
an activity is given in Formula 2.8 and the variation of the time of the activity is given in
Formula 2.9.

E(Ti,j) =
a+ 4m+ b

6
(2.7)

σTi,j =
b− a

6
(2.8)

var(Ti,j) =
(b− a)2

36
(2.9)

The critical path (CP) can be found according to these formulas. PERT requires an
assumption that all durations of the activities are independent. So when you want to know
the expected duration of the CP and the variance of the CP this can be calculated by the
formulas below. L represents the activities that are a part of the critical path.

CP =
∑

(i,j) ∈ L

Ti,j (2.10)

E(CP ) =
∑

(i,j) ∈ L

E(Ti,j) (2.11)

var(CP ) =
∑

(i,j) ∈ L

var(Ti,j) (2.12)

It is possible to determine the chance that a project can be finished in x days, if the
project follows a normal distribution. The formula to determine the likelihood is given in
Formula 2.13, where σ =

√
var(CP ). The z-value in the second line, corresponds to a

probability. The z-values are found in Appendix A. The corresponding percentage can be
found by knowing the first and second decimal of the z-value. The first decimal is on the
y-axis, the second decimal of the z-value is on the x-axis.

P[T ≤ x] =P[CP ≤ x] = P
[
CP − E(CP )

σCP
≤ x− E(CP )

σCP

]
(2.13)

=P
[
z ≤ x− E(CP )

σCP

]

2.3 Risks

The first step, according to Vanhoucke (2013), was to create a baseline schedule with a
network diagram. The second step is to make a risk analysis to identify the risks and their
probability distributions. Here the uncertainty is translated in duration. Risks can have
an upside and downside effect that can be predicted (Raftery, 1994). The seriousness of
a risk and whether or not to keep a close eye to a risks can be defined with a risk rating.
This risk rating rates the risks on their likelihood of occurrence and their severity. It is
defined as as Risk rating = likelihood of occurrence ∗ severity of the risk, in Figure 2.3
a risk matrix is depicted. In this risk matrix, every risk has his own degree of likelihood
and severity, and with this degree, it is possible to see how urgent a risk is.

An risk can have influence on the duration of an activity and each activity can have
different risks. When all these risks are occurring they are causing the pessimistic scenario
mentioned in Section 2.2.3, when none of them occur, there is an optimistic scenario.

In this thesis, risk can be found as a combination of hard data and opinions of experts.
This makes the decision a well-informed decision, for a well-informed decision, all the
available information is used, both objective and subjective. A basic understanding of
probability and distribution functions is necessary; they allow the project manager to
better estimate the effects of the risks on the activities (Vanhoucke, 2013).
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Figure 2.3: Risk matrix (Kaya et al., 2019)

When making a formal risk analysis, all risks should be considered. There are three
kinds of project managers, risk neutral project managers, risk seeking project managers,
and risk averse project managers (SCRUM, 2017).

As described in section 2.2.3, the optimistic, realistic, and pessimistic time estimation
of the activities must be known, and the critical path is estimated. The critical path must
be followed closely to avoid risks. With the beta distribution, the estimated times can be
calculated. The duration distribution can be skewed to the left, skewed to the right, or
symmetric (in that case mode−min = max−mode). When min = max = 1, the duration
is uniformly distributed (Ma, 2016). These are the possible beta distributions, which are
depicted in Figure 2.4.

Figure 2.4: Examples of Beta distributions (De Marco, 2011), where a = min, m = mode
and b = max.

The tree point estimates (min, mode and max ) can be used to predict whether or not
the distribution of the activity is skewed to the left, right, or normal (Vanhoucke, 2013).
When the activity distribution is skewed to the right, mode−min < max−mode. When
the activity distribution is skewed to the left, it is the exact opposite: mode − min >
max−mode.
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There are different types of risks (Ghosh & Jintanapakanont, 2004), which should be
taken into account when identifying the risks of the pilot project. The categories of risks
are:

• Financial and economic risk

• Operational risk

• Safety and social risk

• Design risk

• Force majeure risk

Financial and economic risks are risks that involve the money within the project.
Financial risk can be the failure to pay a supplier, whereas economic risk concerns the loss
for a business (LexisNexis, n.d.). Economic risks concern interest rates, minimum wages,
market prices, taxes, duty rates and cost of materials, which can be higher than expected.
Financial risk involves unavailability of funds, the financial failure of a contractor or
inflation for example. These examples can have an influence on the duration of the project
because they all have an impact on the available money within the project. Operational
risk is uncertainties a company can face in its day-to-day business activities (Segal, 2019).
Operational risk focuses on how things are being accomplished within the organisation, not
what is produced within the industry. Examples of operational risks are system outage,
labour productivity and equipment productivity. Safety and social risk are risks concerning
the environment and the workers working on the project. Risks in this field are accidents,
ecological constraints, damage to persons or property, pollution and safety rules and public
consultancy (Ghosh & Jintanapakanont, 2004). Design risk is about flaws in the design
phase of a project. Design risks concern scope of work definition, inadequate specification,
conflict of document and design changes. Force majeure risk is the risk that there is a
prolonged interruption of operations due to fire, flood, storm, or another factor beyond the
control of the manager and/or stakeholders, so, for instance, unexpected circumstances
like war (Dictionary, n.d.). All these categories are necessary to take into account when
risks are identified for the project.

2.4 Monte-Carlo simulation

According to Vanhoucke (2013), the third step is to come up with a Monte-Carlo simulation.
A Monte-Carlo simulation is a computer simulation which describes the behaviour of a
system over an extended period and incorporates stochastic/random variability into the
model (Bonate, 2001). It is a mathematical model of a system, that is used to make
decisions, understand the (complex) system of the project and to solve problems. The
simulation is an abstraction of the real system containing inputs and outputs. The
Monte-Carlo simulation repeatedly simulates the given model. For each simulation, a
different random set of values (inputs) from the sampling distribution of the model is
selected. From these inputs, different possible outcomes are used to select a possible
solution for a given output. A Monte-Carlo simulation runs the generated duration for each
project activity given its predefined distribution and thus, uncertainty profile (Vanhoucke,
2013). The simulation validates the impact of the changes in the project outcome. It is a
guide for the project manager in selecting the best performing forecasting techniques for
projects in progress. There are three steps for executing the simulation; these steps are
depicted in Figure 2.5.
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1. Random number generation

2. Generate the cumulative distribution function of the duration

3. Based on the new duration of the cumulative distribution, add the new duration of
the activities into the baseline schedule

Figure 2.5: Three steps for executing the Monte-Carlo simulation

According to Technopedia (2017), a random number generator is a mathematical
construct that generates a random set of numbers that have no discernible pattern in
the generation. For the Monte-Carlo simulation, a random number generator is used to
determine for each iteration a new number. Every activity has its own beta distribution
with a corresponding cumulative distribution. According to Aurora (2012), "the cumulative
distribution function Fx(x) describes the probability that a random variable x with a given
probability distribution will be found at a value less than or equal to x". The cumulative
distribution is displayed in Formula 2.14.

Fx(x) = P(X ≤ x) =

∫ x

−∞
fx(u)du (2.14)

When the random number (a number between 0 and 1) is generated, this will correspond
to a percentage of the cumulative distribution of the activity. With the corresponding
percentage, the duration of the activity is determined (see step 2 of Figure 2.5). The
corresponding duration of the cumulative distribution will be used in the schedule as the
new duration of that particular activity. It is possible to see if this new schedule deviates
from the baseline schedule.
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2.5 Simulation output

During the simulation, all project schedules and critical paths are recorded. Several
indices can be used to interpret the simulation output (Vanhoucke, 2013). The criticality
index (CI), the significance index (SI) and the schedule sensitivity index (SSI) are these
measurements. These indices give the critical path a degree of sensitivity to determine
if an activity is critical or not and if action needs to be undertaken to decrease the
impact/occurrence of the risks.

2.5.1 Criticality index

Each node (activity) has a criticality index (De Marco, 2011). This index states whether
or not an activity is on the critical path. This can be helpful when optimising the schedule.
An activity with a high criticality index value has to be monitored closely to ensure that
the project does not develop a delay (falls behind schedule). The Monte-Carlo simulation
obtains the index and expresses a percentage of the likelihood of an activity being critical
(Vanhoucke, 2013). The criticality index is based on the simulation, this is denoted as ĈI.
This is calculated as the frequency of an activity being critical over several simulations,
k = 1, ..., n. The formula for these simulations is given in Formula 2.15, where tf is the
total float. As mentioned in Section 2.2.2, when the total float is 0, the activity is critical.

ĈI =
1

n

n∑
k=1

1(tfki = 0) (2.15)

1(tfki = 0) =

{
1 if tfki = 0 is true
0 if tfki = 0 is false

(2.16)

2.5.2 Significance index

The significance index reflects the importance of activities over the total duration of the
project (Vanhoucke, 2013). To measure the importance between the activities the general
formula is given in Formula 2.17, where RD is the simulated project duration, and the
formula to measure the significance index is given in Formula 2.18.

SI = E
(

di
di + tfi

∗ RD

E(RD)

)
(2.17)

ŜI =
1

n

n∑
k=1

(
dki

dki + tfki

)(
RDk

1
n

∑n
k=1RD

k

)
(2.18)

When the significance indices of the activities are known, a distinction can be made
between the sensitive and insensitive activities. It is vital to keep a close eye to the sensitive
activities because they have the highest chance to delay the project.
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2.5.3 Schedule sensitivity index

According to Project Management Institute (2013), there are many ways to do a risk
assessment. Quantitative analysis is one of them. In this book the activity duration and
project duration’s standard deviation (σdi and σRD) are combined with the criticality
index. The general formula is given in Formula 2.19 and when the schedule sensitivity
index is used in simulations, Formula 2.20 is used.

SSI =

√
var(di)

var(RD)
∗ CI (2.19)

ŜSI =
σdi ∗ ĈI
σRD

(2.20)

2.6 Conclusion

In this chapter, the research question which methods can be used to create a risk analysis
and its sub-questions are answered. These subquestions are:

• What is a baseline schedule?

• What methods can be used to schedule activities?

• How can risks be defined?

• What method can be used to create a simulation model?

• How are the simulation outputs measured?

First, the baseline schedule was explained in Section 2.1. Baseline scheduling can
prevent delays and is the basis/first timeline a project team makes. The performance
indicators can be monitored to detect deviations from the baseline. This helps to identify
the delays that can occur.

The methods to schedule activities are discussed in Section 2.2, there are two methods:
CPM and PERT. CPM is used to determine how long activities in the project can be
postponed without delaying the project, PERT is used when durations are uncertain and
estimates the probability that the project finishes by the given deadline. How risks are
defined is explained in Section 2.3, risks can have a rating to determine how much influence
they have on activities. The risk rating formula is Risk rating = likelihood of occurrence ∗
severity of the risk, so risk ratings are dependent on the likelihood of occurrence and the
severity of the risk on the activity. In this research a simulation is used, the Monte-Carlo
simulation is explained in Section 2.4 and interpreting the simulation outputs (critical
index, significance index and schedule sensitivity index) is explained in Section 2.5.
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Chapter 3

Current situation

This chapter explains the current situation of Project X, which answers one research
questions and five sub-question:

• What is the current schedule of Project X?

– What activities need to be scheduled?

– What are the milestones of the project?

– What is the project’s network?

• What are the risks of the project?

First, the current schedule is identified (Section 3.1) with its activities, milestones and
network. Secondly, the occurring risks in the project are mentioned (Section 3.2). Thirdly,
a survey is distributed to identify the parameters of the risks (Section 3.3).

3.1 Schedule

Scheduling is the most important part when making a risk analysis. The risk analysis
can only be executed when there is a schedule. Activities should be selected, identified,
analysed and arranged to determine the schedule. Microsoft Excel is used to create a
schedule (Gantt chart), a timeline and to identify the critical path.

All the activities of the project are examined and identified to make the schedule.
The activities are defined by discussing the project and the dates of the activities with
their relationships to each other with G. van Essen. After the discussions, the Gantt
chart and table has been made, which will be used for the survey. The duration of the
activities are dependent on the working days of the employees and their vacation days (due
to confidential issues, the table is removed.). The working days are from Monday up to and
including Friday, each working days consists of 8 hours. The starting date of the project
is 01-01-2020, and the intended finish date of the project is 01-09-2021.

3.1.1 Activities

All the activities are illustrated in Table 3.2. Below, all the activities will be explained with
their relationships. In total, there are seven main phases/activities, seven sub-activities of
two main phases and four of these sub-phases consist of three other phases.

Due to confidential issues, the descriptions of the activities are removed.
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Table 3.1: Relationship between activity i
and j

i j Relationship Time lag

A B.1.1 FS -

B.1.1 B.1.2 FS -

B.1.2 B.1.3 FS -

B.1.3 B.2.1 SS -

B.2.1 B.2.2 FS -

B.2.2 B.2.3 FS -

B.2.3 B.3.1 SS -

B.3.1 B.3.2 FS -

B.3.2 B.3.3 FS -

G.4 C FF -

G.4 D FF -

B.3.1 E FS -

B.1.3 F SS 21 days

B.1.3 G.1 SS 21 days

B.3.3 G.2 FS -

B.3.3 G.3.1 FS -

G.3.1 G.3.2 FS -

G.3.1 G.3.3 FS -

G.3.3 G.4 FS -

Each activity has a relationship with
another activity which has to be included
in the schedules of the project. Section
2.2.1 discussed the different relationships
that can occur. These relationships are
necessary to make the schedule and see
whether or not the activities influence each
other. Due to a conversation with the leading
stakeholder, the relationships are identified.
The relationships are depicted in Table 3.1,
it explains the relationship between activity i
and j. These relationships are abbreviations,
where (just as stated in Section 2.2.1) FS
means finish-to-start, SS means start-to-start
and FF means finish-to-finish.

The activities with their finish and starting
dates are depicted in Table 3.2. The
relationships between the different activities
are included in the dates (start and finish)
of the activities. For each activity, the total
duration (in working days) is given in the last
column.

As the table shows, the end date of phase
B.1.3 is already finished according to the
planned duration of the project team. But
currently the phase is still not done and has
a delay where the duration of the delay is
not known yet. The dates of the activities
and the relationships between the activities
are depicted in a Gantt chart which is depicted
in Figure 3.1.

Figure 3.1: The schedule of the activities with their duration, start date and end date
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Table 3.2: Activities

Phase Start date End date Working days

A 02-01-2020 28-02-2020 40

B
B.1
B.1.1 03-03-2020 30-04-2020 38
B.1.2 04-05-2020 29-05-2020 19
B.1.3 01-06-2020 31-08-2020 64

B.2
B.2.1 01-06-2020 31-07-2020 44
B.2.2 04-08-2020 31-08-2020 20
B.2.3 01-09-2020 30-10-2020 44

B.3
B.3.1 01-09-2020 30-10-2020 44
B.3.2 02-11-2020 30-11-2020 21
B.3.3 01-12-2020 29-01-2021 34

C 02-01-2020 30-07-2021 390

D 02-01-2020 30-07-2021 390

E 02-11-2020 30-07-2021 185

F 01-07-2020 30-07-2021 272

G
G.1 01-07-2020 30-07-2021 272
G.2 01-02-2021 30-07-2021 130
G.3
G.3.1 01-02-2021 26-02-2021 20
G.3.2 01-03-2021 30-04-2021 45
G.3.3 01-03-2021 30-07-2021 110

G.4 02-08-2021 31-08-2021 22

In this research the pessimistic time estimation, optimistic time estimation and realistic
time estimation, according to the PERT method discussed in Section 2.2.3, are determined
with the help of a survey sent to the stakeholders. They estimated the time estimations
of the activities. This is a new innovative project, so no data is known about this project
yet. Therefore, the survey to the stakeholders was important to get more insights of the
project. Without this survey, this research was not reachable. The results of the survey
are explained in Section 3.3.
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3.1.2 Network

When a critical path is necessary to identify, a network must be made. This network
is based on Section 2.2. For this project, the AON network and its critical path are
determined, depicted in Figure 3.2, where the red path is the critical path and the duration
of the activities are included within the brackets below the activities. The values are based
on Table 3.2.

There are ten different paths in total, where path five is the critical path (based on
the original schedule of Table 3.2). The duration of the path is 412 working days. All the
other paths, with the exception of path one, two and four, have a duration of 390 working
days. These paths all finish at the same time. Path one has a duration of 161 working
days, path two has a duration of 205 working days and path four has a duration of 325
working days.

Figure 3.2: AON network

1. Start - A - B.1.1 - B.1.2 - B.1.3 - Finish

2. Start - A - B.1.1 - B.1.2 - B.2.1 - B.2.2 - B.2.3 - Finish

3. Start - A - B.1.1 - B.1.2 - B.2.1 - B.2.2 - B.3.1 - B.3.2 - B.3.3 - G.2 - Finish

4. Start - A - B.1.1 - B.1.2 - B.2.1 - B.2.2 - B.3.1 - B.3.2 - B.3.3 - G.3.1 - G.3.2 - Finish

5. Start - A - B.1.1 - B.1.2 - B.2.1 - B.2.2 - B.3.1 - B.3.2 - B.3.3 - G.3.1 - G.3.3 - G.4 -
Finish

6. Start - A - B.1.1 - B.1.2 - B.2.1 - B.2.2 - B.3.1 - E - Finish

7. Start - A - B.1.1 - B.1.2 - F - Finish

8. Start - A - B.1.1 - B.1.2 - G.1 - Finish

9. Start - C - Finish

10. Start - D - Finish
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3.1.3 Milestones

In the project, several milestones are involved. One of these milestones is the election of a
new mayor, which is happening on the first of November. For this milestone, the tangible
results of phase B.1 and phase B.2 must be present. When there is a new mayor, the
mayor can decide to stop the project. To decrease the chance of cancelling the project,
physical evidence of the project must be available. The visible evidence is at the end of
phase B.2. For the current mayor, it is essential to have these results before the elections
to get more votes. When she is re-elected, the project can continue as planned. When she
is not re-elected, the project team need to have tangible results of phase B.1 and phase
B.2 to convince the next mayor that the project is important and should continue.

The second milestone is the World Water Day, happening on the twenty-second of
March. For this milestone, phase B.3.3 must be finished.

The third milestone is the delivery date of the project. The project must be finished
on the thirty-first of August in 2021. All milestones are added to the timeline of Figure
3.3.

Figure 3.3: Timeline with its milestones

3.2 Risks

Each consequence of the risks can have a significant or minor impact on the duration of
the project. The impact of the risks on the project is defined with the help of a survey.
The survey is displayed in Appendix B. From this survey, the risks of each activity
are determined, these are placed in a risk matrix. The results of the survey are briefly
discussed in Section 3.3.2, the distributions of the activities, based on the results of the
survey, are discussed in 5.1. There are various categories of risk, as mentioned in Section
2.3. These categories are a financial and economic risk, operational risk, safety and social
risk, design risk and force majeure risk. There are some name changes to clarify the
categories better and make it a bit broader. Design risks become intervention risks, and
force majeure risks are external risks.

Due to confidential issues, this part of this section is removed.

For each category, different risks are identified with the help of the main stakeholder.
When stakeholders identified other risks that involve an activity, they could add it to the
survey, so all major risks are included in this research.
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Due to confidential issues, the list of the risks is removed.

3.3 Survey

When reporting a survey, there are specific steps that need to be taken. The next paragraph
is based on the steps of Kelly et al. (2003). The purpose of the research is to collect
information about the different risks that influence the activities of the schedule. The
results of the survey will contribute to answering the core problem of this research: What
risks should be prevented to finish Project X in time?.

With the results of the survey, a risk matrix is made, as described in Section 2.3.
Also, it is possible to see the most urgent risks in an overview, and the parameters (min,
mode, max ), explained in Section 2.2.3, of the activities can be identified. These results
are necessary for making the Monte-Carlo simulation, as the simulation will simulate the
schedule, taking into account the distributions of the activities, which are based on the
PERT parameters.

A survey is chosen to conduct the information necessary for the simulation model. A
survey is a quantitative method which helps to identify the necessary information. It is
an excellent method because it is easier to administer the data, inexpensive, and it can be
administered online. The online method is convenient in the COVID-19 period and more
accessible when stakeholders are located in other countries as is the case of this project.
Moreover, the program Qualtrics can transform the answers of the respondent to an Excile
file; people can fill out the survey when they have time and when they want to do it;
furthermore, a survey is less time consuming than an interview.

A disadvantage of the survey is the size of the research population. For surveys, it
is essential to have a large number of respondents; for this survey, only stakeholders of
the pilot project are asked to fill out the survey. Unfortunately, the group of respondents
is relatively small, but because of the knowledge of the stakeholders/experts about the
project, the surveys they answered can be trusted as reliable. They have all the knowledge
about the project, and therefore their answers to the survey are necessary and trustworthy.
Stakeholders could be biased when they filled out this survey, which can make the
estimations more optimistic or pessimistic than the reality. These biased answers could
not be filtered out since it is not possible to know how optimistic or pessimistic they
answered the survey. So this research is dependent on the answers of the respondents. The
respondents are contacted by email, including an explanation about this Bachelor thesis
and why their answers are crucial. The determination of the parameters are necessary to
include in the survey, as this is a new innovative project, which means that there is no
data known about the parameters of activities of the project.

In the survey, the respondents were asked to give their opinions and expertise. The
results were simulated to see the best-estimated duration of the activities to make this
thesis more quantitative. With these results, the stakeholders know which interventions
need extra attention.

3.3.1 Questions

In this section, the questions of the survey are discussed. A part of the survey is added to
Appendix B. The consent statement is added plus the first three questions of the survey.
The other phases consist of the same questions as the first phase. Only the questions of
phase C, phase D, phase E, phase F and phase G.4 are different as they continue through
the whole project or stop when the project is finished, and phase G.4 has a fixed duration
of one month, as stated before in Section 3.1.1. As a result, their parameters are not
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necessary to ask because this will not influence the activities. As such, only the risks are
asked to know if the stakeholders should keep attention to specific activities.

The survey starts with the consent statement the participants need to accept. Here
is stated that the survey is not anonymous (because motivations can be asked later),
furthermore the motivation of the thesis is explained and the data collection method.
When the participants accept the consent form, it is officially possible to use the data of
the survey for this thesis.

In the next tab, the participants can find the high-level project planning (Figure 3.1).
The four questions are mentioned at the beginning to inform the participants, and some
notes are named.

1. There are no questions about phase A, phase B.1.1 and phase B.1.2 because these
phases are already finished.

2. Phases C, D E and F do not contain questions about their duration as they finish
when the project is completed, so the duration of the activities depends on the
duration of the project. When the project finishes earlier, these phases also finish
earlier, when the project finishes later, these phases also finish later.

3. Phase G.4 has a fixed duration, therefore the questions about the optimistic, realistic
and pessimistic duration of the activity are not mentioned in the survey.

4. It is possible to leave the survey and re-enter it later where you left off (please use
the same link again). After the participant exits the survey, they have five days to
return to the survey and finish it.

These notes will clarify some questions for the participants, and they can re-enter the
survey later if they want.

For each activity, the participants have to identify the top three risks and the severity
(level) of the risks. The severity can have a value of one, two, three, four or five (see Figure
2.3 in Section 2.3). A value of one suggests that the risk is negligible, two that the risk is
low, three moderate, four significant and five severe (catastrophic). Next, the participants
need to identify the impact of the risks by determining the most pessimistic time estimation
(delay) of the duration of an activity. The most optimistic time estimation (the shortest
time a phase could take) and a realistic time estimation of the duration of the activity are
also asked, as the parameters are necessary to know for the simulation model (min, mode
and max ). They are determining the scenarios by sliding the bar to a particular month. In
the beginning, the bar indicates the planned duration stated in Section 3.1. The number
of weeks per activity is also mentioned to clarify the duration to the participants.

3.3.2 Results

With the help of the survey, the min (optimistic), max (pessimistic) and mode (realistic)
values of the activities are determined. The realistic time estimation is the value which
is most assigned by the participants for the activity. The pessimistic duration is when
all risks occur, so the worst-case scenario of the duration of the activity. The optimistic
duration is when no risks occur, so the best-case scenario of the duration of the activity.
The participants were asked to determine the date of the three time estimations. From
these dates, the duration in working days was determined with the help of Excel.

A simulation model was made and explained in Chapter 4 to determine the most likely
time estimation for the project. Each stakeholder determined the values; from these values,
the distribution of the activity was determined. These distributions are depicted in Section
5.1. The parameters of the activities and its function are depicted in Table 5.1.
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The expected time of an activity can be determined with the help of Formula 2.7 in
Section 2.2.3. The responses of the participants are summarised in Appendix C.

This was a long and hard survey according to the participants, but useful for the
project. 18 stakeholders were asked to fill out the survey. 13 out of 18 stakeholders
responded and filled out the survey, as almost every participant works for a different
company, there is no bias relative to the different companies and their perspectives. The
length of the survey can influences the results of the participants negatively, sometimes
without their knowledge because it takes too long. The values of the surveys are used
for the simulation to simulate the most likely duration of the activities. According to the
surveys filled out by the stakeholders, some activities contain other risks than the given
risks of the survey. These risks and concerning activities are:

Due to confidential issues, the list of the additional risks is removed.

Often, the other risks were mentioned without indicating the rating and severity of
the risks. Therefore, these risks are not included in the analysis. Overall the survey made
a lot clear about how the participants think about the project. Some are very optimistic
about the project and think everything will be finished in time, where others have a very
pessimistic view and think the project will be delayed a lot.

3.4 Conclusion

In this chapter, two research questions are answered:

• What is the current schedule of Project X?

– What activities need to be scheduled?

– What are the milestones of the project?

– What is the project’s network?

• What are the risks of the project?

The schedule is discussed in Section 3.1, where all the activities and its milestones are
explained. It is supported by a figure of the schedule (Figure 3.1), and the milestones are
depicted in Figure 3.3. The critical path is: Start - A - B.1.1 - B.1.2 - B.2.1 - B.2.2 - B.3.1
- B.3.2 - B.3.3 - C.2.1 - C.2.3 - C.3, depicted in Figure 3.2

In Section 3.2, all the risks have been identified that influence the project. Additionally,
in Section 3.3.2, more risks are identified by the stakeholders.
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Simulation model

In this chapter, the simulation model made for this research is explained. First, the general
simulation is explained in Section 4.1. Then the scenario analysis is explained in Section
4.2. For the scenarios a Monte-Carlo simulation will determine if the scenarios are reducing
the duration of the whole project.

4.1 Model

A model in Microsoft Excel was created to perform a simulation. For each simulation, 1000
iterations are needed to ensure the reliability of the model (Barreras, 2011). When fewer
iterations are performed the error becomes bigger, these 1000 iterations ensure that the
error is smaller. This means that when the error is lower, the simulation is more reliable
as the deviation is less (Driels & Shin, 2004). This is based on the formula n = (

zα/2∗σ
E )2,

where E is the error and σ is the standard deviation of the whole project, so the critical path
of the project in the baseline. The estimates (min and max ) are based on the responses
of the participants of the survey. For this formula it is assumed that the project follows
a normal distribution. The error should not be more than ten working days, as this will
influence the project by more than two weeks, which causes a too long delay of the project.
The error should be bigger than five working days as this will only be influencing the
project a week, which is fine for the stakeholders. This means that the error should lay
around seven working days. With this in mind the total amount of iterations should be
938.98, but when it is rounded up, the error is a bit smaller so we can say for sure that
1000 iterations is reliable. The accuracy of the simulation will lay within seven working
days 95% of the time. The criticality index of each activity (Formula 2.15) is calculated
using this simulation model. Moreover, the average duration of each activity is calculated
with Formula 4.1, where RD is the simulated duration of an activity, and n is the total
number of iterations.

Average duration =
1

n

n∑
k=1

RDk (4.1)

In this model, the average duration of the project can be compared with the planned
duration of the project. The total duration of the project was determined with the
simulated duration of each activity. The total duration of the project per iteration is
based on the critical path.

Each activity has its own optimistic, pessimistic and realistic duration. These durations
were determined with the survey explained in Section 3.3. Each activity has its distribution
(Section 5.1) which is dependent on α and β and the three estimations that were determined
with the survey. The probability density function of the activity is based on Formula 2.6.
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For every x, the duration of the activity, a corresponding f(x) can be found. A basic Excel
function corresponds to Formula 2.6, therefore this function is used in the simulation model.

As is possible to see in the function, the alpha, beta, optimistic time estimation,
and pessimistic time estimation must be known. Alpha and beta were determined with
Formula 2.4 and Formula 2.5 and as previously mentioned, the optimistic and pessimistic
time estimations were determined with the help of the survey. Where the optimistic
time estimation is the minimum value mentioned by the participants, and the pessimistic
time estimation is the maximum value mentioned. The cumulative distribution helps to
determine the new duration of an activity. The random number generator generates a
number from 0 up to and including 1, which corresponds to a value of the cumulative
distribution.

In the simulation, a random number was generated, which corresponds to the
cumulative distribution. The corresponding duration x was placed in two different sheets.
One of these sheets is a sheet about the simulated duration of the activities per iteration.
The other one is a sheet where the critical path is determined.

For each iteration, a random number was appointed to an activity. This random number
determines the duration of the activity, as stated above. Activities A, B.1.1 and B.1.2 keep
their planned duration (Table 3.2) since they are already finished. Their planned duration
is the actual duration of the activities. Activities C, D, E, F and G.4 are also not included
as G.4 has a fixed duration of 22 working days and the other four phases are dependent
on the total duration of the project. For other activities, the new duration is added per
iteration. So it is possible to see all the durations of the activities per iteration. Also,
the total duration per iteration is calculated. This total duration is determined with the
help of the critical path. This process is depicted in Figure 4.1. In this figure first the
random number is chosen, next the corresponding duration according to the cumulative
distribution is determined and this duration of a certain activity is placed in the schedule.
This happens for each activity in each iteration.

Figure 4.1: The steps to generate the new duration of the activities in the simulation model

Since each activity has a new randomly generated duration per iteration, the critical
path will change per iteration. As mentioned in Section 3.1.2, there are ten paths in total.
Each path is added to the simulation model by by applying a zero or one to the activities.
When the activity has the value of zero, this activity lays not on the path, when it has a
value of one, the path contains this activity, see Figure 4.2. Then the total duration per
path is calculated, the critical path gets the color red and is added to a new sheet where
all the critical paths of the simulations are saved. With these numbers, the critical index
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(CI, Formula 2.16) of an activity can be calculated, and it is possible to see whether or not
changing the duration of an activity can have a big influence on the total project duration
or not. In Figure 4.2 paths 6, 7, 9 and 10 do not contain an total duration in this figure
as the activities that are part of these paths adjust themselves to the most critical project
duration as stated in Section 3.1.1. So activities C, D, E and F are adjusting their end
dates to the end date of the project. A cause of these adjustments is that these activities
can never lay in the critical path because they can be abridged and extended. Therefore
their duration in the simulation model is fixed so they do not influence the determination
of the critical path. To make sure that they are never ending in the critical path, their end
durations are deleted in the model.

Figure 4.2: Critical path per activity with its new duration

4.2 Scenario analysis

For the scenario analysis, the same simulation model is used as for the first simulation. This
scenario analysis is necessary to see if preventing risks in different situations can influence
the duration of the project. In the scenario analysis, different scenarios are simulated.
Due to these simulations, it is possible to see whether or not a different scenario has a
significant influence on the total duration of a project.

In total five scenarios will be investigated. The first simulation, with the estimations
of the participants of the survey will result in an optimistic, pessimistic and most realistic
time estimation of the total duration of the project. So the first three scenarios will be
about these three estimations. When these three estimates are investigated, it is possible
to see when the risks are prevented based on the activities that are part of the critical
path, if the total duration of the estimations will decrease. One other scenario is based on
the critical index of the first simulation. Also, the variance and standard deviation of each
activity have to be determined. Risks of the activities with the highest CI value will be
prevented. When these risks are prevented, it is possible to see whether or not preventing
risks will help to decrease the duration of the project. The last scenario will be about
the most occurring risks. With the help of the survey, the risks of the project and each
activity are determined. Based on the most occurring and the highest severity, risks will
be prevented for all activities.

Whether or not a scenario influences the project can be determined by analysing the
sensitivity, standard deviation and variance. When these values are reduced, the scenario
has a positive influence on the duration of the project. If the project duration is not
reduced, the scenario has a adverse influence on the project. The trade-off between the
investment of the scenario and the influence of the duration has to be determined.
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4.3 Conclusion

With the simulation model, it is possible to see which risks influence activities. When an
activity has an average duration which is higher than the realistic time estimation, the
activity will take longer than it should be. The delay in the activities is due to the risks
involved in the activity. When the activity is also laying in the critical path, the project
team needs to keep a close eye to this activity. The risks that influence the activity which
is on the critical path and has a delay will delay the whole project.

The scenario analysis will determine if solutions will influence the project. Moreover,
different scenarios will be created. Due to this analysis, it is possible to see how much the
risks influence the project by comparing the new duration and outcome of the simulation
with the first/old simulation model.
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Results

In this chapter, two research questions and two sub-questions are answered:

• What risks influence the duration of the project?

– What is the impact of the involved risks?

• What solutions can be created to prevent the risks of Project X?

– What solutions are there to prevent the risks of an activity?

– How much do these solutions influence the end date of the project?

First, the activities are explained with risks per activity (Section 5.1.2) and the distribution
of the activities (Section 5.1.1). Then the results of the Monte-Carlo simulation are
discussed (Section 5.2) and several scenarios are analysed (Section 5.3).

5.1 Activities

In Section 3.1.1, the activities of the project were identified. Each activity is mentioned in
the survey, and the participants answered the questions (Appendix B). Every activity has
risks that can influence the activity. For each phase, the risks are identified and placed in
a risk matrix. These identified risks are discussed in Section 5.1.2, where it is possible to
see if certain risks have more influence on the activity than other risks.

Additionally, the participants of the survey were asked about the duration of the
activities, what is the realistic, optimistic and pessimistic time estimation of each activity.
Only the duration of phase C, D, E, F and G.4 cannot be affected by the risks since phases
C, D, E and F are already started and finish one month before the end date of the project,
even when the project is delayed. Phase G.4 has a planned duration of one month, 22
working days (Table 3.2). This is based on the planned duration of the month of August
since that activity can start on 02-08-2021 and is finished on 31-08-2021. When these days
were calculated, the holidays and weekends were taken into account and are kept out of the
22 working days. This phase cannot be delayed, and the duration is fixed since this phase
only contains reporting and risks do not influence this duration. These estimations were
processed in an Excel file and discussed in Section 5.1.1. The results of the distributions
were used to perform a Monte-Carlo analysis, where the basis is mentioned in Section 4.1,
and the results of the simulation are discussed in Section 5.2. Phase A, phase B.1.1 and
phase B.1.2 are not added with their risks and time estimations since they are already
finished, in the simulation model they are added with their planned duration.
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5.1.1 Distributions

Each activity has a distribution which is based on Formula 2.6. The parameters for creating
the PDF are calculated and shown in Table 5.1, these formulas are based on Formula 2.4
and Formula 2.5. The parameter min is the shortest time an activity can take; this value
is determined by finding the minimum value of all respondents of the survey. The longest
time of an activity, max, is determined by finding the maximum value of days an activity
can take according to the participants of the survey. The mode value is the mode, the
number of days that occurs the most in the participants answers, of the distribution. The
distribution of each activity is depicted in Appendix D Figures 21-32, with the PDF on
the first y-axis and its corresponding CDF on the second y-axis. How the distribution is
skewed is also mentioned in these figures. As mentioned before, phases C, D, E, F and G.4
are not included since their durations are fixed or adjust to the end date.

Table 5.1: The parameters of every activity according to the survey

Phase min mode max α β f(x) =

B.1.3 21 64 183 2.95 5.63 Γ(8.58)
Γ(2.95)Γ(5.63) ∗

(x−21)1.95(183−x)4.63

(162)7.58

B.2.1 21 64 129 4.16 5.46 Γ(9.62)
Γ(4.16)Γ(5.46) ∗

(x−21)3.16(129−x)4.46

(108)8.62

B.2.2 20 20 85 1.45 7.23 Γ(8.68)
Γ(1.45)Γ(7.23) ∗

(x−20)0.45(85−x)6.23

(65)7.68

B.2.3 22 79 119 5.20 4.11 Γ(9.31)
Γ(5.20)Γ(4.11) ∗

(x−22)4.20(119−x)3.11

(97)8.31

B.3.1 22 44 119 3.02 6.47 Γ(9.49)
Γ(3.02)Γ(6.47) ∗

(x−22)2.02(119−x)5.47

(97)8.49

B.3.2 21 21 75 1.65 8.27 Γ(9.92)
Γ(1.65)Γ(8.27) ∗

(x−a)0.65(b−x)7.27

(54)8.92

B.3.3 14 54 120 3.76 5.23 Γ(8.99)
Γ(3.76)Γ(5.23) ∗

(x−14)2.76(120−x)4.23

(106)7.99

G.1 185 272 337 8.89 7.32 Γ(16.21)
Γ(8.89)Γ(7.32) ∗

(x−185)7.89(337−x)6.32

(152)15.21

G.2 65 130 195 5.97 5.97 Γ(11.94)
Γ(5.97)Γ(5.97) ∗

(x−65)4.97(195−x)4.97

(130)10.94

G.3.1 10 20 108 1.59 5.19 Γ(6.78)
Γ(1.59)Γ(5.19) ∗

(x−10)0.59(108−x)4.19

98)5.78

G.3.2 11 45 131 2.92 5.29 Γ(8.31)
Γ(2.92)Γ(5.29) ∗

(x−11)1.92(131−x)4.29

(120)7.31

G.3.3 65 110 197 5.00 7.70 Γ(12.70)
Γ(5.00)Γ(7.70) ∗

(x−65)α−1(110−x)β−1

(45)11.70

5.1.2 Risks

Each activity has risks that can influence the duration of the project. In Figure 5.2 activities
with their risks are attached; these values are joined into a risk matrix. In this matrix,
it is possible to see if the risk has a major impact on the duration of the activity (red
zone) or if the impact is less (orange and green zone). As shown in Figure 2.3, the y-axis
represents the severity of the risk, and the x-axis represents the corresponding likelihood.
The respondents have rated their top three risks per activity, and the severity level of the
risks. With these two values, the likelihood can be calculated as:

likelihood of occurrence =
risk rating

severity of the risk
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Since the respondents determined the level of the risks and its severity, these values are
summed up. The ratings are transformed as the most important risks have the highest level.
To each rating, a score was attached. When the risk was first rated by the respondents, the
score of the calculation was a three. For the second-rated risk, the score was a two, and for
the third-rated risk, the score was a one. When the ratings are attached to the risks, the
level of the important risks becomes more crucial. Each risk can be identified in a zone,
red, orange or green. If the risk occurs in a red zone, the project manager needs to keep
a close eye to this risk since these risks can influence the project duration significantly.
Letters are used to simplify the figures. Each letter represents a risk. The risks and the
corresponding letters are depicted in Table 5.2 on page 33.

Table 5.2: Legend of the risks

Risk Risks

a Confidential v Confidential
b Confidential w Confidential
c Confidential x Confidential
d Confidential y Confidential
e Confidential z Confidential
f Confidential aa Confidential
g Confidential ab Confidential
h Confidential ac Confidential
i Confidential ad Confidential
j Confidential ae Confidential
k Confidential af Confidential
l Confidential ag Confidential
m Confidential ah Confidential
n Confidential ai Confidential
o Confidential aj Confidential
p Confidential ak Confidential
q Confidential al Confidential
r Confidential am Confidential
s Confidential an Confidential
t Confidential ao Confidential
u Confidential

In Figure 5.1 all the risks of all the activities are summarised. It is possible to see the
most important risks, and the impact of the risks when they occur. As the figure shows,
risk v has the most impact of all risks. Risks ac, s, f, a and g are also occurring in the
red/orange zone. Risks f, g, and s occur 13 times as risks of activities, where risks ac,
occurs 12 times. Risk a occurs 11 times and risks v occurs 9 times. As risk v occurs less
times than the other risks and the severity level of this risk is the highest, the impact of
this risk on the activities where it occurs is very significant. These calculations are based
on the risks of the different activities. Each value is added and this can be seen in Figure
5.1. For example, when risk xy has a severity of 2 in phase B.3.1 and a severity of 4 in
phase B.3.3, the total severity in the figure becomes 6. The same applies to the likelihood
of the risks.
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Figure 5.1: Risks v, ac, s, f, a and g are the most crucial risks for all the activities

Since the duration of phases B.1.3, B.2.1, B.2.2, B.2.3, B.3.1, B.3.2, B.3.3, G.1, G.2,
G.3.1, G.3.2 and G.3.3 depend on the risks, these risks are placed in a risk matrix. The
x-axis of these matrices represents the likelihood of the risk. The y-axis represents the
severity of the risks on the activity. In each caption of the risk matrix of the activities,
the most crucial risks are mentioned. These risks are often the risks in the red and orange
area, with a high severity. In Figure 5.2 the risk matrices of phases B.1.3 - G.3.3 are
depicted. The other matrices of the phases are in Appendix E. The figures give a clear
view of the risks that influence the activities the most. So, for example, Figure 5.2(a) shows
that risk ae deviates the most compared to the other risks. This deviation means that
when this risk occurs, the impact will be high. So this risk should be prevented for this
particular activity. When this risk has to be prevented, it depends on the influence of the
stakeholders. When the stakeholders can influence the risk, the risk can be prevented. If
this is not the case, the risk cannot be prevented, and maybe other risks can be prevented.
If the risk cannot be prevented, and other risks need to be chosen to prevent, the next risk
can be determined with the help of the figure. The risks in the orange and red area are all
risks with a significant influence on the activity when they occur. Therefore the figure can
show clearly which risk needs to prevented next. For the next risks, it is again important
to see if the risk can be influence by the stakeholders.
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(a) Risk matrix of phase B.1.3, where risks ae, y,
s and z are the most crucial

(b) Risk matrix of phase B.2.1, where risks v, am
and g are the most crucial

(c) Risk matrix of phase B.2.2, where risks ab, s
and v are the most crucial

(d) Risk matrix of phase B.2.3, where risks ab, ae
and a are the most crucial

(e) Risk matrix of phase B.3.1, where risk v is the
most crucial

(f) Risk matrix of phase B.3.2, where ai, f, y and
x are the most crucial
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(g) Risk matrix of phase B.3.3, where risk a is the
most crucial

(h) Risk matrix of phase G.1, where risks v and a
are the most crucial

(i) Risk matrix of phase G.2, where risks s, ac and
g are the most crucial

(j) Risk matrix of phase G.3.1, where risks s, f, x
and v are the most crucial

(k) Risk matrix of phase G.3.2, where risks ae, ac,
v and an are the most crucial

(l) Risk matrix of phase G.3.3, where risks b, x
and g are the most crucial

Figure 5.2: Risks matrices of phase B.1.3 - G.3.3

Chapter 5 A.J. Stok 36



Decreasing the delay of Project X

5.2 Monte-Carlo simulation

The simulation model simulates the duration of the activities according to their
distributions. The most realistic duration (mode), optimistic duration (min) and
pessimistic duration (max ), according to the simulation model, are shown in Table 4.1.
With the help of Formula 2.7 and Formula 2.9, E(T ) and var(T ) are calculated per activity
and placed in the table. As phases A, B.1.1, B.1.2, C, D, E, F and G.4 do not influence the
total duration of the project, mentioned in Section 5.1.1, they do not have these parameters
and are therefore not included in this table. Each activity also has an error, which means
that the duration of an activity can deviate. This error is also added in the table.

Table 5.3: The duration of the activities according to the simulation model

Phase min mode max E(T ) var(T ) σT

B.1.3 25 79 156 82.83 476.7 21.83
B.2.1 27 82 118 78.83 230 15.17
B.2.2 21 29 63 30.33 49 7.00
B.2.3 34 80 111 77.5 164.7 12.83
B.3.1 26 51 102 55.33 160.4 12.67
B.3.2 22 28 57 31.8 34 5.83
B.3.3 21 59 109 61 215.1 14.67
G.1 216 259 320 262 300.4 17.33
G.2 81 130 182 130.5 283.4 16.83
G.3.1 11 25 82 32.17 140 11.83
G.3.2 15 41 112 48.5 261.4 16.17
G.3.3 76 112 169 115.5 240.3 15.5

The most realistic duration of the project is 520 working days (the end date of the
project is 23-08-2021), which is significantly more than the planned 412 working days. The
most optimistic duration takes 406 working days (the end date of the project is 08-02-2022),
and the most pessimistic duration takes 641 working days (the end date of the project
is 18-07-2022). The distribution of the project duration is depicted in Figure 5.3, with
α = 10.88 and β = 11.32. The graph is a little bit skewed to the right as 114 < 121.

Figure 5.3: Distribution project duration
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The minimum duration (optimistic duration) of the whole project is 406 working days,
which is less than the planned duration of the project. As the pessimistic duration is more
than the planned duration, different scenarios are analysed to determine if the reduction
of several risks for a given activity can influence the total project duration.

The optimistic project duration takes 406 working days. The activities differ in days
compared to their planned duration (Table 3.2). They differ from -44 days to +30 working
days. The critical path of this scenario is A - B.1.1 - B.1.2 - B.2.2 - B.3.1 - B.3.2 - B.3.3
- G.3.1 - G.3.3 - G.4 and is depicted in Figure 5.4. In this figure, the duration of the
activities is mentioned as well. As phases C, D, E and F adjust to the project duration,
their duration is deleted in the figure. Phase G.4 is always 22 working days and influences
the critical path; as such, this activity duration is added in the figure.

Figure 5.4: Critical path of the optimistic duration

The pessimistic scenario takes 641 working days and has the same critical path as the
optimistic duration. The value of the duration of activities are differing from -27 to +59
compared to their planned duration (Table 3.2). The critical path is depicted in Figure
5.5. As the optimistic duration, the duration of phases C, D, E and F are not depicted
and G.4 is constant.

Figure 5.5: Critical path of the pessimistic duration

According to the values of the simulation, there is also an expected time for each
activity. The expected time is depicted in Figure 5.6. The total duration of the expected
path is 527 working days, and the critical path is the same as the other two scenarios. This
expected duration is 115 working days more than the planned duration of 412 working days.
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Figure 5.6: Critical path of the expected duration

Table 5.4: CI value of the activities

Phase CI

A 1
B.1.1 1
B.1.2 1
B.1.3 0
B.2.1 0.94
B.2.2 0.94
B.2.3 0
B.3.1 0.94
B.3.2 0.94
B.3.3 0.94
C 0
D 0
E 0
F 0
G.1 0.06
G.2 0.065
G.3.1 0.875
G.3.2 0
G.3.3 0.875
G.4 0.875

The CI of each activity is calculated using
Formula 2.15 and its distribution. The result of
the calculation is that phases B.1.3, B.2.3, C,
D, E, F and G.3.2 have a CI of 0, concluding
they are never on the critical path. Phases A,
B.1.1 and B.1.2 have a CI value of 1, meaning
that they always are part of the critical path of
the project. Keeping in mind the AON network,
Figure 3.2 of Section 3.1.2, the next successor of
phase B.1.2 are four other activities, phase B.1.3,
B.2.1, F and G.1. Since two out of four phases
have a CI of 0, the critical path never chooses
these paths. Phase B.2.1 has a CI of 0.94, and
Phase G.1 has a CI of 0.06.

Since phase B.2.2 is an immediate successor
of phase B.2.1, and there is no other path to
follow after phase B.2.1, phase B.2.2 consist of
the same CI value as its predecessor, namely
CI = 0.94. Phases B.3.1, B.3.2 and B.3.3 all
have the same CI value as the predecessors as
there is no other path to follow, according to
the CI indices. Phase G.2 has a CI value of 0.65
which means that when phase B.3.3 is on the
critical path, 6.91% of the cases phase G.2 is
also on the critical path, 93.09% of the cases the
critical path consists of phases G.3.1, G.3.3 and
G.4. These values have a CI value of 0.875. The CI values are all summarised in Table 5.4.

Since the CI index is the most important index for this research, only this index is
calculated. With the CI index, it is possible to see to what extent the activities occur on
the critical path. Based on this index, it is possible to reduce the risks and the duration
of an activity on the critical path. The SSI index cannot be calculated in this research as
the σ of the planned duration cannot be calculated. The SI is not calculated as the total
float of each activity per iteration must be determined. As such, given the time frame of
this research, it is not feasible to calculate this index.

39 A.J. Stok Chapter 5



Decreasing the delay of Project X

5.3 Scenario analysis

For creating a scenario analysis, different values are needed to determine the analysis.
These values can be found in Section 5.1.1 (duration distributions of the activities), Section
5.1.2 (risks of the activities) and Section 5.2, where the distributions of the activities were
simulated, and the distribution of the total project was determined.

Since the pessimistic duration takes 641 working days, it is crucial to reduce the
pessimistic duration. The duration of the pessimistic estimation is 1,56 times more than
the planned duration (641/412). Even the expected duration, according to the simulation,
takes 108 days more than the project team planned. Different scenarios can reduce the
duration of the project and its activities to reach the milestones.

There are three milestones: the elections, the world water day and the end date of the
project mentioned in Section 3.1.3. For the first milestone, the elections, it is crucial that
phase B.2.3 is finished before 01-11-2020. For the second milestone, the world water day,
phase B.3.3 must be finished before 22-05-2021, and for the last milestone, all the phases
must be finished before 31-08-2021.

When the optimistic duration, according to the simulation model, occurs two milestones
are not feasible. Phase B.2.3 is finished on 12-01-2021 and phase B.3.3 is finished on
24-02-2021. The end date of the project is feasible as the current end date for the optimistic
duration is 23-08-2021.

The expected duration takes 527 working days, which is 115 working days more than
the planned duration. None of the milestones is reached because phase B.2.3 is finished on
09-03-2021, phase B.3.3 is finished on 15-06-2021, and the end date is 08-02-2022.

The pessimistic duration, according to the simulation model, takes 641 working days.
This duration means that just as the expected duration, all the milestones are not reached.
Phase B.2.3 finishes on 02-04-2021, phase B.3.3 finishes on 10-08-2021, and the whole
project ends on 18-07-2022. When this duration takes place, it would be horrible for the
whole project as its delay is almost a year.

In this research, there are five scenarios researched. The first three scenarios are based
on the time estimations mentioned in Section 5.2. As both the expected duration and the
pessimistic duration do not reach any milestone, both these durations should be decreased
by preventing risks. For the optimistic scenario, only the end date is reached. It is necessary
to investigate whether or not this milestone is reached when certain risks are prevented
from achieving other deadlines. The fourth scenario is based on preventing the most
occurring/common risks. As these risks are appearing a lot, it is interesting to know if
preventing these risks will influence the total duration of the project or if it does not
influence the duration at all. The fifth scenario is based on the CI values of Table 5.4.
Here the most common risks of the activities with the highest CI values are prevented. The
activities have a high CI value which means that they often occur on the critical path and
are therefore determining the duration of the project. When the risks of these activities
are prevented, it is possible that the duration of the whole project is reduced. Therefore
this scenario is fascinating to research.

5.3.1 Scenario 1

Scenario 1 is about changing the optimistic duration by decreasing the duration of an
activity. With this decreased duration, it is possible to see if the milestones are reached
when the risks are prevented. Since two out of three milestones are not being reached in
the optimistic scenario, a decrease of delay must take place in the activities that deviate
the most compared to their planned duration. Considering there are two activities that
deviate much compared to their planned duration, activity B.2.3 and activity G.3.2 should
be decreased. However, because these activities are not on the critical path of this scenario,
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it would not change the duration of the scenario. Therefore other activities must be chosen
to decrease their pessimistic duration. These activities must lay on the critical path and
should negatively influence the total duration of this scenario. Therefore the activities that
are chosen to reduce their pessimistic value are phase B.2.2, phase B.3.2 and phase G.3.1.
The first two phases deviate eight days compared to their planned duration, and the last
phase deviates ten days compared to its planned duration. The other activities deviate six
or fewer days compared to their planned duration.

When the risks of the three activities are compared, six similar risks occur in each
activity. These risks are:

1. ae

2. ai

3. ac

4. f

5. t

6. ao

From these risks, three risks can be influenced and can therefore be prevented by the
stakeholders. These risks are risk t, f and ai.

Due to confidential issues, the prevention methods of the risks are removed.

When the risks are prevented, the new pessimistic duration is calculated. This
new duration is depicted in Table 5.5. The first column represents the activities where the
risks are occurring. The second column is the optimistic time estimation, and the third
column represents the pessimistic time estimation, both based on Table 5.3. With these
values, the difference between the optimistic and pessimistic scenarios are calculated.
Next to the differences, the corresponding level of severity of that phase is listed (sum of
severity levels). Then, the risks with their severity levels are recorded. Formula 5.1 shows
the formula to calculate the new pessimistic duration of an activity with risk x and y.

Duration =
(total severity− severity x− severity y) ∗ (max−min)

total severity level
+ min (5.1)

So in the table, the new pessimistic duration of the activities is determined. This new
pessimistic duration is formatted bold.

Table 5.5: New pessimistic duration

Phase min max Total Risk Risk Risk
severity t f ai

B.2.2 21 63 119 3 4 4
59

B.3.2 22 57 112 8 11 11
48

G.3.1 11 82 64 3 9 3
65
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After performing the simulation of the project, there are new time estimations of the
project. The pessimistic duration decreases from 641 working days to 626 working days.
The optimistic duration increases from 406 working days to 441 working days and the most
realistic duration increases from 520 working days to 531 working days. The distribution
function of the project duration is depicted in Figure 5.7. The graph is skewed to the right
as 69 < 118.

Each activity has different values for the optimistic and pessimistic time estimations
of this scenario. These values, together with the expected duration of each activity of this
scenario, are depicted in Appendix F, Table 2. The optimistic scenario takes 441 days.
According to the simulation model, this duration occurs two times. This is depicted as a1

and a2 in Table 2 and Table 5.7. The critical path of the first optimistic scenario is A -
B.1.1 - B.1.2 - G.1, from both the second optimistic scenario and the pessimistic scenarios
the critical path is A - B.1.1 - B.1.2 - B.2.1 - B.2.2 - B.3.1 - B.3.2 - B.3.3 - G.3.1 - G.3.3
- G.4. In the second table it is possible to see whether or not the activities are finished
before a given deadline. Normally phase B.2.2 must be finished before deadline 1, phase
B.2.3 must be finished before deadline two, and the project deadline is 31-08-2021. In the
table, it is possible to see the end dates of the project according to this scenario. It shows
that none of the milestones is reached.

Figure 5.7: Distribution project duration scenario 1

Table 5.6: Finish dates and phases to meet the milestones

min1 min2 max E(x)

Phase B.2.3 05-01-2021 18-01-2021 13-04-2021 09-03-2021
Phase B.3.3 11-03-2021 12-03-2021 23-09-2021 14-06-2021
End date 11-10-2021 11-10-2021 27-06-2022 07-02-2022

5.3.2 Scenario 2

This scenario focuses on the expected duration according to the simulation model. Each
activity has an expected duration (Formula 2.7 of Section 2), and when this expected
duration occurs, none of the deadlines is reached. Since there is a difference of +35 until
-10 between the expected duration of the activities and their planned duration (Table 3.2),
the highest differences should be decreased. There is a difference of +35 working days
between the expected duration of phase B.2.1 and its planned duration. Furthermore,
there is a difference of +34 working days between the expected duration of phase B.2.3
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and its planned duration and the difference between the two durations of phase B.3.3 is
+27 working days. Due to these large differences, the risks of these phases should be
prevented. The other differences are below 20 and therefore have a less impact.

Between the three activities, there are identical risks. From these risks, the stakeholders
can prevent seven risks. These risks are:

1. w

2. m

3. j

4. s

5. f

6. t

7. a

When these risks are prevented there is a new pessimistic duration of the activities.
Due to confidential issues, the prevention methods of the risks are removed.

The values to calculate the new pessimistic duration are depicted in Appendix
F Table 3. The new pessimistic duration of phase B.2.1 takes 107 working days, phase
B.2.3 takes 82 working days, and phase B.3.3 takes 76 working days.

The simulation model simulated the project with these new durations. The new
optimistic scenario takes 444 working days, the new pessimistic scenario takes 601 working
days, and the most realistic time estimation takes 512 working days. The new distribution
of the project duration is depicted in Figure 5.8. The duration of the activities are stated
in Appendix F Table 4. Both paths are following the same critical path: A - B.1.1 - B.1.2
- B.2.1 - B.2.2 - B.3.1 - B.3.2 - B.3.3 - G.3.1 - G.3.3 - G.4. As Table 5.7 shows, none
of the milestones is reached when these risks are prevented for activities B.2.1, B.2.3 and
B.3.3. Nevertheless, the end date is reduced compared to the first simulation model (the
pessimistic duration is reduced).

Table 5.7: Finish dates and phases to meet the milestones

min max E(x)

Phase B.2.3 25-01-2021 30-03-2021 03-03-2021
Phase B.3.3 06-04-2021 16-07-2021 08-06-2021
End date 14-10-2021 09-05-2022 26-01-2022
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Figure 5.8: Distribution of the project duration of scenario 2

5.3.3 Scenario 3

In this scenario, the pessimistic duration of the simulation model is taken into account.
Based on the critical path and the deviation of the duration of the pessimistic duration
and the planned duration, three activities are chosen to reduce their pessimistic duration.
Phase B.2.1 deviates 44 working days, phase G.3.1 deviates 33 working days, and phase
G.3.3 deviates 59 working days. Four risks can be influenced by the stakeholders when the
risks of the three activities are compared. The project team and the stakeholders cannot
influence the other corresponding risks. The four risks that will be reduced are:

1. ai

2. af

3. f

4. v

When these risks are prevented, there is a new pessimistic duration of the activities
(explained in Section 5.3.1, Table 5.5).

Due to confidential issues, the prevention methods of the risks are removed.

These pessimistic durations are for phase B.2.1 90 working days, for phase G.3.1 62
working days and for phase G.3.3 159 working days. The corresponding table with the
values needed to calculate the new duration can be found F Table 5.

When the simulation is simulated with the new pessimistic duration of the activities,
the new optimistic duration takes 453 working days. The new pessimistic duration takes
593 working days, and the most realistic time estimation takes 514 working days. The
corresponding distribution of the project duration can be found in Figure 5.9. The
simulation results of the duration of the activities are shown in Appendix F Table 6.

The critical path of both the pessimistic and optimistic duration follows A - B.1.1 -
B.1.2 - B.2.1 - B.2.2 - B.3.1 - B.3.2 - B.3.3 - G.3.1 - G.3.3 - G.4. As Table 5.8 shows, none
of the deadlines is met.
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Figure 5.9: Distribution of the project duration of scenario 4

Table 5.8: Finish dates and phases to meet the milestones

min max E(x)

Phase B.2.3 15-01-2021 09-04-2021 09-03-2021
Phase B.3.3 26-03-2021 06-09-2021 11-06-2021
End date 27-10-2021 11-05-2022 28-01-2022

5.3.4 Scenario 4

Scenario 4 is about the most occurring risks. Since all the risks are identified, the top risks
of each activity are discussed in Section 5.1.2. The most common risks are:

1. ae

2. z

3. v

4. a

5. x

6. an

Since the stakeholders can influence two risks, risk v and risk a, these risks can be prevented.
In total risk v occurs six times, and risk a occurs three times as a critical risk. When the
stakeholders are preventing these two risks, the risks will not occur in any activity. A new
pessimistic scenario occurs when the risks are prevented. The new pessimistic duration of
the activities are shown in Appendix F Table 7.

When the new pessimistic durations are changed with the corresponding optimistic
and realistic durations of the simulation model, the simulation will simulate this scenario.
The simulation results in a new density function of the duration of the project. The new
optimistic duration takes 433 working days, the most realistic duration takes 525 working
days, and the pessimistic duration takes 594 working days. The graph is skewed to the left
since 92 > 69. This is depicted in Figure 5.10.

The duration of the activities in each scenario are depicted in Appendix F Table 8.
Both the pessimistic and optimistic duration are following the same critical path: A -
B.1.1 - B.1.2 - B.2.1 - B.2.2 - B.3.1 - B.3.2 - B.3.3 - G.3.1 - G.3.3 - G.4. Preventing the
risks will not result in meeting the deadlines, as is depicted in Table 5.9.
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Table 5.9: Finish dates and phases to meet the milestones

min max E(x)

Phase B.2.3 28-01-2021 31-03-2021 01-03-2021
Phase B.3.3 26-02-2021 12-08-2021 09-06-2021
End date 29-09-2021 12-05-2022 04-02-2022

Figure 5.10: Distribution of the project duration of scenario 4

5.3.5 Scenario 5

Scenario 5 is based on the CI values of the activities. There are five activities with a CI
value of 0.94. These activities are phase B.2.1, analysis, phase B.2.2, design, phase B.3.1,
phase B.3.2 and phase B.3.3. When the pessimistic duration of these activities is reduced,
there is a chance that the pessimistic scenario of the duration of the project decreases and
the project can meet some milestones. There are some critical risks for each activity which
influence their duration. In total, there are 16 risks which have a critical influence on one
or more activities. These risks are:

1. v

2. am

3. o

4. g

5. z

6. ab

7. s

8. ao

9. ai

10. f

11. u

12. t
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13. x

14. n

15. a

16. ac

From this list, seven risks can be prevented by the stakeholders. Risks v, am, ai, f, t,
n and a can be prevented.

Due to confidential issues, the prevention methods of the risks are removed.

When these risks are prevented, the pessimistic duration of the five activities is
reduced. The schedule used to calculate these durations is depicted in Appendix F Table
9.

When the simulation is simulated with the corresponding new pessimistic durations (F
Table 9), the total duration of the project is changed. The new optimistic duration takes
451 working days, there is a new pessimistic duration takes 580 working days, and the new
most realistic time estimation takes 505 working days. The distribution of the duration is
depicted in Figure 5.11.

Figure 5.11: Project distribution of scenario 5

The optimistic duration occurs twice in the simulation results. Therefore a column is
added to Table 5.10, where both optimistic durations are shown. Each critical path of the
three durations (two times optimistic one time pessimistic) is following the same path: A
- B.1.1 - B.1.2 - B.2.1 - B.2.2 - B.3.1 - B.3.2 - B.3.3 - G.3.1 - G.3.3 - G.4. As is possible
to see in Table 5.10, no deadline is reached, and when the optimistic duration occurs, the
project still has a month delay compared to the planned duration of the project team.

Table 5.10: Finish dates and phases to meet the milestones

min1 min2 max E(x)

Phase B.2.3 17-12-2020 05-01-2021 15-03-2021 24-02-2021
Phase B.3.3 10-03-2021 24-03-2021 05-07-2021 20-05-2021
End date 25-10-2021 25-10-2021 22-04-2022 13-01-2022
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5.4 Conclusion

In this chapter, the following research questions are answered:

• What risks influence the duration of the project?

– What is the impact of the involved risks?

• What solutions can be created to prevent the risks of Project X?

– What solutions are there to prevent the risks of an activity?

– How much do these solutions influence the end date of the project?

In Section 5.1.2, the risks that influence each activity are determined. The most critical
risks of all the activities are risks v, ac, s, f, a and g as they occur in the red/orange zone of
Figure 5.1. There are five scenarios created to answer the second research question. Some
solutions to prevent risks are mentioned in these scenarios (due to confidential issues,
the prevention methods of the risks are removed in these sections). When the risks are
prevented in each scenario none of the milestones are being reached and the project does
not finish in time.

So solutions that can be created for this project to prevent the risks are the five
scenarios, where the first scenario is about decreasing the optimistic duration of the project,
the second scenario is about decreasing the pessimistic duration of the project. The third
scenario is about decreasing the expected duration of the project. The fourth scenario is
about preventing the most occurring risks of the project, and the last scenario is based on
the CI value of the activities. Based on this CI value, the risks that should be prevented
are determined. For each scenario, the optimistic, pessimistic and estimated end dates of
the project were determined. Each scenario does not reach the desired end date of the
project (the planned duration) and the difference between the optimistic and pessimistic
scenario 185 working days and 129 working days. The first scenario prevents three risks
for two activities, scenario two prevents seven risks for three activities, scenario three
prevents four risks for three activities, scenario four prevents two risks for all activities,
and scenario five prevents seven activities for six activities. Preventing more risks means
that it is time-consuming and maybe much money that needs to be invested. However,
these preventions can have a significant influence on the duration of the project as when
more risks are prevented, the pessimistic duration decreases. The pessimistic duration of
scenario 1 and 2 are 1.46 and 1.52 times as long as the planned duration (412 working
days). Therefore a pessimistic duration above 600 working days takes too long compared
to this planned duration.
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Conclusion, limitations and
recommendations

In this chapter, the research is concluded and recommendations are made based on the
results of Chapter 5. Also limitations of this research and further research is treated in
this chapter. In this thesis, the schedule of Project X was determined and the influence
of risks on the activity durations were determined. In this pilot project, several risks can
occur, which were identified and added to the distribution of the activities. These risks
were taken into account when the participants (stakeholders) of the survey determined the
time estimations of the activities. With the optimistic (min), pessimistic (max ) and most
likely duration (mode), the distributions of the activities were determined. With the help
of a Monte Carlo simulation, the duration (min, max, mode) of the activities for the entire
project were calculated for 1000 iterations. According to these three durations, a scenario
analysis was made where five different scenarios were researched.

6.1 Conclusion

In this project, the research question "What risks should be prevented to finish Project X
in time?" was studied. In this section, the research question is answered by first answering
the sub-questions:

1. Which method can be used to create a risk analysis?

2. What is the current schedule of Project X?

3. What risks influence the duration of the project?

4. What solutions can be created to prevent the risks of Project X?

During this research, the method of Vanhoucke (2013) is used. Four steps were followed:

1. Creating a baseline schedule with a network diagram.

2. Identifying the risks and the probability distributions.

3. Creating a Monte-Carlo simulation to get an overview of the duration of the project.

4. Identifying the simulation outputs with sensitivity indices.

The baseline schedule is the schedule that is the basis of the project. With the baseline
schedule, a comparison can be made with the current ongoings. Also, it is possible to see if
the project is following the baseline schedule or if delays are occurring. In this research, the
PERT model was used. It is assumed that the activities follow a beta PERT distribution,
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where the min, mode and max were determined with the help of a survey sent to the
stakeholders. The level of the risks was determined with their likelihood and their severity.
The stakeholders determined the severity and the level of the risks by appointing risks to
activities. A simulation model was used to simulate the activities with their distributions.
With the help of this simulation model, the schedule of the project was constructed. The
criticality index was used to determine the number of activities that are on the critical path
for each iteration. The current schedule consists of six different phases that concern twenty
activities. Phases B and G contain sub-phases, whereas the other four phases consist of
just one activity. All the activities are interwined, so when one activity is delayed, other
activities start later than planned. There are three milestones: the elections (01-11-2020),
the world water day (22-03-2021) and the delivery date of the project (31-08-2021). Before
the first milestone, phase B.2.3, must be finished. Additionally, phase B.3.3, has to be
completed before the second milestone, and lastly, before the third milestone, the whole
project must be finished. The currently planned schedule of the project is depicted in
Figure 3.1, in Chapter 3.

In total, 41 risks can occur during the project. These risks are noted in Table 5.2, in
Section 5. The frequency of the risks is depicted in Figure 6.1. As this figure shows, the
most occurring risks, are risks f, g and s. The stakeholders can prevent some risks, others
cannot be prevented beforehand; for example, the large distance between the consortium
members. According to the risk matrix of Section 5.1, risks v, ac, s, f, a and g have the
most influence on the whole project when there occurs a delay as their risk ratings are
higher than the other risks.

Figure 6.1: Risk occurrence, where risks f, g and s are the most frequently mentioned risks
by the stakeholders concerning all activities

The simulation model is based on the values determined by the stakeholders (min, mode
and max ). The distribution of the activities was calculated, and with the simulation,
realistic values were linked to the activities, these values, according to the simulation
model, can be found in Table 5.1. According to the simulation, the optimistic duration
of the project takes 406 working days and only the third milestone is reached. For the
pessimistic (641 working days) and most realistic durations (520 working days), none of
the milestones are reached. As these values show, the project is finished later than planned.

Five scenarios were studied to investigate if prevention of certain risks can have a
positive influence on the duration of the project, meaning that the project can finish in
time and reach all the milestones. These values are summarised in Table 6.1, where the
min, max and mode respectively represent the optimistic, pessimistic and realistic duration
in working days. In each of the 5 scenarios different situations were studied. In 4 out of 5
scenarios risk f should be prevented, in 3 out of 5 scenarios risks t, ai, a and v should be
prevented as these risks have the most influence on the activities for that scenario. These
risks can be prevented in different ways.
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Table 6.1: The number of days of each scenario

Scenario min mode max Reaching milestones?

1 441 531 626 No
2 444 512 601 No
3 453 514 593 No
4 433 525 594 No
5 451 505 580 No

As Table 6.1 shows, none of the milestones are reached and the project never finishes
in time. So in none of the simulation runs the project duration is equal to the planned
project duration. Even when certain risks are prevented and the pessimistic duration of the
activities are reduced, the project cannot finish in time according to the current scenarios.
This indicates that, according to the simulations, the planned duration of the project is too
optimistic and can never be reached in these five scenarios, independent of the prevented
risks.

6.2 Limitations and further research

In this section, the limitations of the research are described together with recommendations
for further research. First, the limitations will be discussed, then further research will be
explained.

6.2.1 Limitations

One limitation during this research was the simulation model, which was made in Microsoft
Excel. The simulation was made as such that when there were two or more critical paths,
both could not be added to the simulation, and one was chosen. When two or more
paths were critical, one of them was added to the desired sheet, the other ones were never
investigated. This causes that the CI value of the activities can deviate from the current
CI values, also some durations are therefore not included in the analysis.

Another limitation concerns the innovation of the project. Project X is a new innovative
project and as mentioned in the name a pilot project, indicating that this was not done
before by other companies and that no data was known on how the activities/phases should
be developed. As a result, there was no prior knowledge that could be taken into account
in the development of the risk analysis for this project, whereas this is the case for most
other projects. The data in this thesis was obtained from the stakeholders and they used
their expertise to determine the realistic, optimistic and pessimistic time estimations of
the activities.

Another limitation is that, because the stakeholders are involved in the project, they
are biased which can lead to them filling out the survey more positive (or negative) than
it actually is. The influence this limitation can have is that the realistic project duration
deviates from the project duration of the simulation. When there is no bias, the project
duration can be determined more precisely.

6.2.2 Further research

This research was focused on the activities of Project X. Involving the cost of the project
and the influence of the delay on the cost of the project can be appealing as the stakeholders
can react to these outcomes as well. Further research can be about these costs. Taking into
account the activities and the costs can be very useful for the stakeholders. The available
resources can also be used for further studies. When there is a delay, more workers can be
employed to attempt to prevent the delay in the intervention and implementation phases.
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Combining these three elements would give the stakeholders a better overview with better
insights into the risks that influence the project.

Additionally, only five scenarios were evaluated due to time limitations. In further
research, more scenarios as well as the current scenarios can be investigated. The current
scenarios can be researched more in-depth, so the duration of the project can be reduced
when, for example more risks are prevented. It has to be said that it is not guaranteed
that reducing the risks will reduce the duration of the project significantly.

When there is more time, the SI (significance index) value can be calculated. Based
on this index, a new scenario can be developed to see whether or not this index has a
significant influence on the duration of the project when it is reduced.

The stakeholders mentioned new risks that activities can face. These were not taken
into account when the risk analysis was made, because the severity and the rate of the
risks were not classified. Therefore, it was not possible to take these risks into account
when the risk analysis was made. Next time, these risks can be included in the survey
and the respondents can add these risks, in a similar fashion as the main risks identified
in Section 5.1.2, to the activities.

6.3 Recommendations

In all the research scenarios, none of the milestones were being reached, however, even if
the milestones are not being reached, reducing the duration of the activities by preventing
risks is recommended. The planned duration of the project is 412 working days. If
none of the scenarios is followed, the most optimistic time of the project according to
the simulation is 406 working days, the pessimistic duration takes 641 working days and
the most realistic duration will be 520 working days. Because of the enormous difference
between the optimistic duration and the pessimistic duration (235 working days), it is
recommended to decrease the activity durations by preventing their risks. This can
decrease the most realistic time estimation and the difference of the two extreme durations
(optimistic and pessimistic estimations). Five scenarios were studied in this research, the
first three scenarios are: prevention of risks for the optimistic duration, the most realistic
duration and the pessimistic duration. Scenario 4 compares the risks that occur in the
project and their severities. Scenario 5 compares the risks of the activities with the highest
CI value and the risks that are occurring the most in these activities.

In scenario 1 the pessimistic duration of the project is reduced by 15 working days, by
preventing certain risks, compared to the first simulation. Both the most realistic duration
and optimistic duration are increased. Therefore it is not recommended to follow this
scenario. Scenario 2 has a pessimistic duration of 601 working days and is therefore also
not recommended as this difference compared to the planned duration is too significant
(1.46 times more). Three scenarios dive below 600 working days in the most pessimistic
duration of the project, namely, scenario 3, 4 and 5. If the project manager decides to
choose a scenario to follow, one of these three scenarios is recommended, as in the worst
case scenario, the duration of the project is less than 600 working days.

The difference between the pessimistic and optimistic estimations of scenario 3 is 140
working days, with a most realistic duration of 514 working days. Four risks should be
prevented for three activities: risks af, risk v, risk f and risk ai should be prevented for
phases B.2.1, G.3.1 and G.3.3.

The difference between the pessimistic and optimistic estimations of scenario 4 is 161
working days, whereas the most realistic duration takes 525 working days. Two risks should
be prevented for all activities, these two risks are risk v and risk a.

In scenario 5, the difference between the pessimistic and optimistic estimations is 129
working days, with a most realistic duration of 505 working days. Seven risks should be
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prevented for five different activities to reach these values. The seven risks are risks v, am,
ai, f, t, n and a. The risks should be prevented for phases B.2.1, B.2.2, B.3.1, B.3.2 and
B.3.3.

From these three scenarios, scenario 3 has an optimistic duration of 543 days, which is
the highest duration of scenarios 3, 4, and 5. Therefore, this scenario is not recommended.
When the project manager wants to prevent the least number of risks, scenario 4 should be
chosen. The realistic duration takes 525 working days, which is higher than the scenario 5,
but the pessimistic duration is still below 600 working days. Only, risks should be prevented
for all activities. However, the most realistic duration of scenario 5 is the smallest of all
scenarios, just as the pessimistic duration. When the project manager wants to have a
small realistic and pessimistic duration, scenario 5 is recommended as these values are
smaller than the other scenarios. One thing to keep in mind is that seven risks should
be reduced, for five activities in total, which is a significant amount of work, and in this
scenario there are a lot of risks that need to be prevented.
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Appendices

A Distribution function

Figure 2: Z-value of statistics (Mandal, 2018)
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B Survey









B.1 Consent statement



C Survey results

Figure 3: Severity (S)
and level of the ratings
(L) answered by the
respondents phase B.1.3

Figure 4: Severity (S)
and level of the ratings
(L) answered by the
respondents phase B.2.1

Figure 5: Severity (S)
and level of the ratings
(L) answered by the
respondents phase B.2.2

Figure 6: Severity (S)
and level of the ratings
(L) answered by the
respondents phase B.2.3

Figure 7: Severity (S)
and level of the ratings
(L) answered by the
respondents phase B.3.1

Figure 8: Severity (S)
and level of the ratings
(L) answered by the
respondents phase B.3.2

Figure 9: Severity (S)
and level of the ratings
(L) answered by the
respondents phase B.3.3

Figure 10: Severity (S)
and level of the ratings
(L) answered by the
respondents phase C

Figure 11: Severity (S)
and level of the ratings
(L) answered by the
respondents phase D



Figure 12: Severity (S)
and level of the ratings
(L) answered by the
respondents phase E

Figure 13: Severity (S)
and level of the ratings
(L) answered by the
respondents phase F

Figure 14: Severity (S)
and level of the ratings
(L) answered by the
respondents phase G.1

Figure 15: Severity (S)
and level of the ratings
(L) answered by the
respondents phase G.2

Figure 16: Severity (S)
and level of the ratings
(L) answered by the
respondents phase G.3.1

Figure 17: Severity (S)
and level of the ratings
(L) answered by the
respondents phase G.3.2

Figure 18: Severity (S) and level
of the ratings (L) answered by the
respondents phase G.3.3

Figure 19: Severity (S) and level
of the ratings (L) answered by the
respondents phase G.4



Figure 20: Duration of the activities answered by the respondents



D Distributions of the activities according to the simulation
model

Figure 21: Distribution phase B.1.3 -
skewed to the right

Figure 22: Distribution phase B.2.1 -
skewed to the right

Figure 23: Distribution phase B.2.2 -
skewed to the right

Figure 24: Distribution phase B.2.3 -
skewed to the left

Figure 25: Distribution phase B.3.1 -
skewed to the left

Figure 26: Distribution phase B.3.2 -
skewed to the right



Figure 27: Distribution phase B.3.3 -
skewed to the right

Figure 28: Distribution phase G.1 -
skewed to the left

Figure 29: Distribution phase G.2 -
skewed normal

Figure 30: Distribution phase G.3.1 -
skewed to the right

Figure 31: Distribution phase G.3.2 -
skewed to the right

Figure 32: Distribution phase G.3.3 -
skewed to the right



E Risks of phases C, D, E, F and G.4

(a) Risk matrix of phase C where risk risk ac is
the most crucial

(b) Risk matrix of phase D, where risks r, n, an
and z are the most crucial

(c) Risk matrix of phase E, where risk ae, is the
most crucial

(d) Risk matrix of phase F, where risks am, ao and
an are the most crucial

(e) Risk matrix of phase G.4, where risk ah is the
most crucial

Figure 33: Risks of phase C, D, E, F and G.4



F Scenario analysis: values of the activities

F.1 Scenario 1

Table 2: The duration of the activities per time estimation of scenario 1

Phase min1 min2 max E(T )

B.1.3 99 71 84 81
B.2.1 49 48 106 75
B.2.2 29 28 30 35
B.2.3 67 78 79 80
B.3.1 44 40 64 56
B.3.2 25 33 34 31
B.3.3 45 44 98 62
G.1 274 262 263 261
G.2 139 144 135 130
G.3.1 28 28 47 30
G.3.2 47 33 92 55
G.3.3 99 101 128 118

F.2 Scenario 2

Table 3: New pessimistic duration when risks are prevented

Phase min max Total Risk Risk Risk Risk Risk Risk Risk
severity f t m w s j a

B.2.1 27 118 128 8 - 4 - 4 - -
107

B.2.3 34 111 128 10 6 3 9 4 3 13
82

B.3.3 21 109 128 4 3 7 8 3 3 20
76

Table 4: The duration of the activities per time estimation of scenario 2

Phase min max E(T )

B.1.3 97 80 84
B.2.1 47 92 77
B.2.2 34 46 35
B.2.3 78 67 74
B.3.1 49 67 54
B.3.2 30 29 32
B.3.3 50 59 57
G.1 264 262 261
G.2 117 144 127
G.3.1 20 44 31
G.3.2 61 33 47
G.3.3 95 145 113



F.3 Scenario 3

Table 5: New pessimistic duration when risks are prevented

Phase min max Total Risk Risk Risk Risk
severity ai af f v

B.2.1 27 118 128 - 6 8 26
90

G.3.1 11 82 64 3 - 9 6
62

G.3.3 76 169 85 5 4 - -
159

Table 6: The duration of the activities per time estimation of scenario 3

Phase min max E(T )

B.1.3 51 88 91
B.2.1 51 87 79
B.2.2 29 32 34
B.2.3 73 94 77
B.3.1 43 69 53
B.3.2 32 38 33
B.3.3 47 93 60
G.1 260 262 263
G.2 120 119 126
G.3.1 31 23 31
G.3.2 78 54 44
G.3.3 100 132 112



F.4 Scenario 4

Table 7: New pessimistic duration when risks are prevented

Phase min max Total Risk a Risk v
severity

B.1.3 25 156 140 4 -
152

B.2.1 27 118 128 - 26
100

B.2.2 21 63 119 7 11
57

B.2.3 34 111 128 13 -
103

B.3.1 26 102 130 4 27
84

B.3.2 22 57 112 - 7
55

B.3.3 21 109 128 20 -
95

G.1 216 320 104 2 14
304

G.2 81 182 73 3 9
165

G.3.1 11 82 64 - 6
75

G.3.2 15 112 66 4 7
96

Table 8: The duration of the activities per time estimation of scenario 4

Phase min max E(T )

B.1.3 99 75 79
B.2.1 49 89 75
B.2.2 30 34 32
B.2.3 83 83 77
B.3.1 39 61 52
B.3.2 26 41 33
B.3.3 39 77 64
G.1 255 249 260
G.2 126 151 125
G.3.1 21 46 36
G.3.2 44 39 45
G.3.3 110 127 114



F.5 Scenario 5

Table 9: New pessimistic duration when risks are prevented

Phase min max Total Risk Risk Risk Risk Risk Risk Risk
severity v a am ai f t n

B.2.1 27 118 128 26 - 23 - 8 - -
77

B.2.2 21 63 119 11 7 3 4 4 3 7
49

B.3.1 26 102 130 27 4 3 - 10 - -
76

B.3.2 22 57 112 7 - - 11 11 8 6
44

B.3.3 21 109 128 - 20 - - 4 3 3
88

Table 10: The duration of the activities per time estimation of scenario 5

Phase min1 min2 max E(T )

B.1.3 96 100 113 83
B.2.1 51 40 77 69
B.2.2 27 26 32 33
B.2.3 64 78 85 79
B.3.1 46 51 59 50
B.3.2 26 31 32 31
B.3.3 41 53 74 59
G.1 266 265 276 265
G.2 134 134 115 132
G.3.1 28 30 44 34
G.3.2 18 70 50 51
G.3.3 113 101 143 114
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