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ABSTRACT 

 

Over the last decades, Project management science shows increasing recognition and 

growth. The benefits to organizations are numerous and significant by the 

implementation of Project management, with the consequence that it becomes more 

and more popular in the business world. Nowadays, it is merely a fact that all projects 

involve risk. In other words, the zero risk project is not worth pursuing. That is the 

reason why risk management is considered today as an integral part of project 

management, a key process where most of the project managers know that is essential 

and prerequisite for good project management. More and more companies are now 

applying the risk management process in their projects, not only in order to predict the 

future, which is impossible, but also to improve their performance and increase their 

profits. This master thesis consists of two parts, the first is a bibliography research on 

risk management and the project risk management process, while in the second part, a 

risk analysis in a shutdown project of a refinery takes place as a case study. In order to 

examine the project risk, we proceed to both qualitative and quantitative analysis, with 

special attention to be given to the second one. Also, for the purposes of this study, two 

computer programs were used. The @Risk® of Palisade Corporation was applied to 

perform the quantitative analysis (Monte Carlo simulation, Sensitivity analysis) in the 

project, which was first modeled through dynamic scheduling with Microsoft® Project. 

The research was carried out from February 2015 to July 2015. 

 

Key words: Risk, Project risk, Project risk management process, Risk analysis,                  

Quantitative analysis, Monte Carlo simulation  
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CHAPTER 1: INTRODUCTION 

 

In this chapter, an introductory presentation is made of the subject of research that we 

carried out, as well as the project we analyzed as case study. The purpose and objects 

of the research are also determined, and a presentation of the capital structure and 

appendix is made. 

 Risk management has become an integral part of business fields these days 

and has acquired great weight in the sector of Project management as well. The 

purpose of the present project is the study of Risk management, the theoretical 

analysis of its concepts and of the foremost applications and practices through relative 

bibliography and their application in real work. Special weight is given to quantitative 

risk analysis with emphasis on the probabilistic method Monte Carlo simulation.  

 Theoretical analysis includes an analysis of basic means such as uncertainty, 

risk, project risk, and project risk management process.  The practical analysis is taking 

place in a preservation work (shutdown) of a refinery unit. Two software programs are 

used: Microsoft® Project and @Risk® of Palisade Corporation, through which we have 

proceeded to the modelization of the work and the analysis of its hazards. 

 The present research consists of 5 chapters and an appendix. 

 On Chapter 1, an initial presentation of the research subject is made, the 

purpose and adjectives of the research field is determined and the layout of the project 

is presented. 

  On Chapter 2, the analytical bibliographical preview of the research is made. 

Initially, some general clues are presented on what project and project management is. 

In continuance, the general terms of uncertainty and risk are presented, to conclude 

more specifically in what project risks mean and what their roots are. Finally, the 

project risk management process is analyzed as well as the advantages the companies 

gain from its application and the modern methods and practices that have been 

implemented. 

 On Chapter 3, a thorough presentation of Quantitative risk analysis is made, 

and the tools and techniques used in it. Sensitivity analysis, Decision tree analysis and 

Expected monetary value are described, with special weight given to Monte Carlo 

simulation. 
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 On Chapter 4, the work which we will study is presented, a maintenance work 

(shutdown) of a refinery unit. Details of the company to which the unit belongs to will 

not be presented due to company’s rejection. After the work presentation which has 

been modeled with the use of Microsoft® Project, risk identification and quantitative 

analysis of the work is made. During quantitative analysis, Monte Carlo simulation and 

Sensitivity analysis has been applied with the use of @Risk® of Palisade Corporation 

software. 

 On Chapter 5, the conclusions of the present research are mentioned. 

 On the Appendix, tables of the modelization of the work are presented, made 

with the Microsoft® Project software. 
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CHAPTER 2: THEORETICAL BACKGROUND 

 

2.1 WHAT IS PROJECT 

The term project is widely used, incorrectly, nowadays by a great majority of people in 

order to describe effort, a venture or an operation. But what is really a project and why 

are they carried out? Mankind has been performing projects for many thousands of 

years, although not always labeling them as such. In this essay, we are going to 

examine projects from a business perspective. Projects are often implemented to 

achieve an organization's goals and performed by people, using resources, they get 

planned, executed and controlled. Their main goal is to induce change and they 

emerge as an outcome of an organization’s business decision to create something new 

or change something old. Ultimately, projects deliver benefits to the organization and 

its stakeholders, but often these benefits do not arise immediately or directly after the 

completion of the project itself. 

 Project management is served by a number of professional bodies that each 

one of them has developed its own definition of a project. Some of these definitions are 

given in Table 2.1. 

Table 2.1: Definitions of “project” 

 

ORGANIZATION 

 

GUIDE/STANDARD 

 

DEFINITION OF ‘PROJECT’ 

Project 

Management 

Institute (PMI) 

A Guide to the Project 

Management Body of 

Knowledge (PMBoK 

Guide) 

A temporary endeavor undertaken 

to create a unique product, service, 

or result. 

Association for 

Project 

Management (APM) 

Body of Knowledge A unique transient endeavor 

undertaken to achieve a desired 

outcome. 

Office of 

Government 

Commerce (OGC) 

PRINCE 2 A temporary organization that is 

created for the purpose of delivering 

one or more business outputs 

according to a specified business 

case. 

British Standard BS6079-2:2000 A unique process, consisting of a 
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Institution (BSI) set of coordinating and controlled 

activities with start and finish dates, 

undertaken to achieve an objective 

conforming to specific requirements, 

including constraints of time, cost 

and resources.  

 

 As we can see the definitions focus on two key characteristics of a project, 

which distinguish them from the operations, its temporary nature and its unique 

outcomes. The temporary nature of projects indicates that a project has a definite 

beginning and end. The temporary nature is defined by other factors as well such as 

limited potential for action due to the market principles and the specified participation of 

the project members by the organization itself. The term unique means that every 

outcome of a project is differentiated from other similar products, services and results. 

Although repetitive elements may be present in some project deliverables and activities 

this repetition does not change the fundamental unique characteristics of the project 

work. Some other basic characteristics of a project are its prescheduled layout and its 

specific goals such as financial benefits for an organization or the satisfaction of a 

social need. In general a project can create a product (either a component or an 

enhancement of an item), a service or a capability to perform a service, a result, such 

as an outcome or document. Examples of projects include, but are not limited to (PMI, 

2013): 

• developing a new product, service, or result; 

• affecting a change in the structure, processes, staffing, or style of an 

organization; 

• developing or acquiring a new or modified information system (hardware or 

software); 

• conducting a research endeavor whose outcome will be aptly recorded; 

• constructing a building, industrial plant, or infrastructure; 

• implementing, improving, or enhancing existing business processes and 

procedures. 

 In the competitive business environment, organizations are seeking to get and 

stay ahead of the competition by providing comparative advantage in the products and 

the services which are offered, and by operating as efficiently and effectively as 

possible. Many businesses use projects as vehicles to deliver that competitive 
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advantage and clearly wish to move ahead as quickly as possible (Hilson, 2009). As 

result of all the previous, businesses use project management in order to achieve their 

goals and complete their projects in time, on budget and in specifications. Project 

management is best defined by the Project Management Institute, as that “project 

management is the application of knowledge, skills, tools, and techniques to project 

activities to meet the project requirements”.  

 Project management, in its modern form, began to take root only a few decades 

ago. Starting in the early 1960’s, businesses and other organizations began to see the 

benefit of organizing work around projects and to understand the critical need to 

communicate and integrate work across multiple departments and professions. 

Standards in project management are various. Most dominant are those of the Project 

Management Institute – PMI and the Association for Project Management – APM. 

Those offered by the PMI are widely used and are considered to be a competency 

standard. The purpose of these “conventional” project management methodologies is 

to manage entities such as tasks, requirements and objectives in advance, and is 

reliant on hindsight as a predicator for future changes. In the bibliography, these bodies 

of knowledge are described as a “self-evidently correct” set of processes and 

techniques, which heavily emphasize the action of planning (Kutsch, 2008). Managing 

a project typically includes, among others, managing the stakeholders, identifying 

requirements, managing proactively risks, as well as balancing the competing project 

constraints (scope, time, budget, resources, quality). The specific project 

characteristics and circumstances can influence the constraints on which the project 

management team needs to focus. Other factors that influence how projects are 

performed are organization culture, style, and structure, the level of project 

management maturity, the project management systems of each organization, and the 

degree of involvement from external entities such as those that are part of a joint 

venture or partnering agreement. 

 In conclusion, the success of the project is evaluated by the extent to which the 

requirements are met and in terms of completing the project within the constraints. 

Furthermore, the last baselines approved by the authorized stakeholders should 

always be a point of reference and ensure the realization of benefits for the undertaken 

project. A test period can be part of the total project time before handing it over to the 

permanent operations. 
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2.2 PROJECT RISK 

Undoubtedly, we live in a world characterized by uncertainty. Both natural and social 

environment in which we live is changing dramatically in many aspects, particularly in 

the industrialized world. If we take into account the fact that technological change has 

advanced at a rapid pace with inventions being widely adopted in a very short 

timescale and the dynamic market relations, we reach the conclusion that businesses 

and public organizations work in environment with high uncertainty that needs to be 

managed. 

 Consequently, it goes without saying that there is at least some level of 

uncertainty in every project regardless of what computing systems seem to imply. Such 

incertitude in so many dimensions of modern life has led firms to lack of confidence 

and the realization that the roots of this uncertainty require greater attention and 

analysis. The only question now is how they will deal with it. Businesses implement a 

range of strategies to cope with uncertainty and have turned to the field of risk 

management to address this question. In order to understand how risk management 

might meet the challenge of uncertainty, we first need to define what exactly 

uncertainty is and how it is related to risk and risk management. 

 As Samson et al. (2009) said risk and uncertainty are the two most widely used 

concepts in the literature covering risk management field. Although these terms are 

closely related, a number of authors differentiate between them. There are several 

definitions regarding uncertainty in the bibliography, some of which should be 

mentioned. First, Knight (1921) addressed that “uncertainty reflects randomness with 

unknown probabilities”. Another definition for uncertainty is that is a situation where it is 

not possible to attach a probability of occurrence to an event (Ahmed et al., 2007). 

Moreover, Cleden (2009) defined uncertainty as “the intangible measure of what we 

don’t know. Uncertainty is what is left behind when all the risks have been identified. 

Uncertainty is gaps in our knowledge we may not even be aware of”. As we can see 

from these definitions, they are some kind similar to each other and have as common 

denominator insufficient predictability and lack of knowledge. 

 However, not all uncertainties matter equally. At this point it is important for us, 

as it comes from our literature research, to distinguish uncertainty from risk. 

Unfortunately, the terms are often misused, which leads to misunderstanding and less 

effective decision-making (Sanderson, 2012). Hilson (2009) highlights the relation 

between uncertainty and risk maintaining that “the risk is the uncertainty measured, 

and uncertainty is a risk that cannot be measured”. Similarly, Kendrick (2009) points 
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out that “risk can be almost any uncertain event associated with work”. Sicotte and 

Bourgault (2008) relate risk to an “identifiable event that will have negative 

consequences, whereas uncertainty relates to the source (of risk)”. Perminova et al. 

(2007) also define uncertainty as a situation being the source of risk, “a context for 

risks as events having a negative impact or opportunities that have beneficial impact”. 

From our research we could infer that uncertainty is a broad, not tangible concept and 

risk is a part of it. It is important to say that if we are unable to define risk, will probably 

not be able to undertake risk management efficiently. As a result we have come to the 

conclusion that we should have a definition of risk which is clear, unambiguous and 

widely accepted.  

 In literature, the word “risk” is used with many different meanings. It is found 

that there is no uniform or consistent usage of the word risk in the literature. In addition, 

most definitions of risk have focused only on the downside associated with risks such 

as losses or damages, and neglected the upside or opportunity such as profit or gains 

(Mehdizadeh, 2012). This word has different meaning to different people, that is, the 

concept of risk varies according to viewpoint, attitudes and experience (Baloi & Price, 

2003). A definition of risk that we choose which is more appropriate in the context of 

this thesis is “the combination of potential future events and their associated 

uncertainty” (Aven, et al., 2008). In classical decision theory, risk is most commonly 

conceived as reflecting variation in the distribution of possible outcomes, their 

likelihoods, and their subjective values (March & Shapira, 1987). 

 Risk originated as a concept as early as the seventeenth century and was 

initially associated with gambling (Frosdick, 1997). Its development through 

subsequent centuries demonstrated its necessity in many fields, such as insurance and 

economics and more recently in engineering and science. Mosca et al. (2001) state 

that risk analysis is proposed to deal with the problems involving uncertainty by 

identifying, evaluating and monitoring the risks (Mobey & Parker, 2002). 

 On the grounds of this thesis the risk of the project will be thoroughly examined 

as well as ways to deal with it. Risk is inherent in any project, and project managers 

should assess risks continually and develop plans to address them. In general, 

unexpected events occur in projects and may result in either positive or negative 

outcomes that are a deviation from the project plan. Positive outcomes are 

opportunities while negative outcomes generate a loss (Ahmed et al., 2007).  

 According to the literature, the traditional view of project risk is negative and 

several definitions of risk are available with risk usually referred to as “an exposure to 
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losses in a project” (Chapman & Ward, 2003; Ahmed et al., 2007) or the most 

widespread definition “the probability (or likelihood) of failing to achieve a particular 

outcome multiplied by the consequences (or impact, or loss) of failing to achieve that 

outcome” (Baloi & Price, 2003; Conrow, 2003; Kendrick, 2009; Serpella et al., 2014). In 

the same line, Cervone (2006) defines project risk in a simplistic way as “a problem 

that has not happened yet”. 

 However, project risk is not always associated with negative results. As it is 

widely known, this aspect of risk management is restrictive as it fails to account for 

managing opportunities, regarded as positive effects during the progress of the project.   

Risk in itself is neither good nor bad. Business progress demands risk taking and there 

are times to ride the roller coaster and times to sit tight (Kippenberger, 2000). The 

definition for project risk provided by PMI (2013) will best fit the purpose of this paper; 

“project risk is an uncertain event or condition that, if it occurs, has a positive or 

negative effect on one or more project objectives such as scope, schedule, cost, and 

quality”. Positive and negative risks are commonly referred to as opportunities and 

threats. The project may be accepted if the risks are within tolerances and are in 

balance with the rewards that may be gained by taking the risks. Positive risks that 

offer opportunities within the limits of risk tolerances may be pursued in order to 

generate enhanced value. Generally, organizations and stakeholders are willing to 

accept varying degrees of risk depending on their risk attitude.  

 This double-sided concept of risk as threat and opportunity is not only present 

in the standards and guidelines, but it is increasingly being implemented in practice by 

leading organizations. There are a range of distinct benefits from adopting this wider 

approach to risk, including (Hilson, 2009): 

• exploits more opportunities; 

• permits trade-offs; 

• increases chance of success; 

• supports innovation and creativity; 

• increases efficiency; 

• motivates teams.  

 The risk spectrum might be unlimited, so every project has distinct risks to cope 

with. For this reason it is important to examine and fully grasp the risk sources and 

categorize them. At the literature, there has been extensive research on the 

classification of project risks. A general classification may use physical, social and 
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economic sources. But an in‐depth investigation may need classification that can cover 

all types of risk in more detail. Therefore, the sources of risk can be represented 

depending on the environment in which they arise as follows (Williams et al., 1998): 

• physical environment; 

• social environment; 

• political environment; 

• operational environment; 

• economic environment; 

• legal environment; 

• cognitive environment. 

Physical environment  

The physical environment is an important source of risk. Natural disasters like 

earthquakes, storms, flooding, landslides, etc. lead to serious losses. The 

environmental influence on the people and people’s influences on the environment are 

important aspects of this source of risk. The physical environment can be a source of 

profitable opportunities, for example real estate as an investment, or appropriate 

climate for the agriculture business or tourism. 

Social environment 

The changes in people’s values, human behavior and state of social structures are 

another source of risk. Civil unrest, social riots and strikes are events underlining the 

importance of the social environment as a source of risk. The level of worker skills and 

loyalty to the organization determine to a large extent the success of the organization. 

The difference in social values and culture creates a high level of uncertainty. At the 

same time the changes of culture create opportunities. For example, in many countries 

the equal opportunities of minorities lead to faster development. 

Political environment 

The political environment is an important source of risk in all countries. The ruling party 

can affect organizations in different ways, for example by cutting aid to some industry 

branches or protecting some branch or region, by implementing strict rules about the 

environment, etc. The political environment is a more complex and important source of 

risk in an international aspect. The difference in the ruling system raises different 

attitudes and policies toward business. For example, foreign investment might be 
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confiscated, or taxation systems might change significantly, which will hurt the 

investor’s interests. 

Operational environment 

Operational activities of the organization create risk and uncertainty. For example, 

damage in installation or production processes might result in physical injuries of 

workers. Unfavorable working conditions can threaten both the physical and mental 

health of the workers. The formal procedures of hiring or firing employees may 

generate a legal problem. The manufacturing processes may produce harm to the 

environment. In this case the organization is a source of risk. The international 

business can suffer from risks in the transport system. The operational environment 

also provides opportunities, because the results of organizational activities improve the 

life and work standard of the people. 

Economic environment 

The economic environment usually is hardly influenced by the political environment in a 

single country, but the globalization of the market creates a market that is greater than 

a single market and needs to be considered separately. Although a particular activity of 

the government can affect the international capital market, the control of the market is 

impossible for a single government. Examples of sources of risk generated from the 

economic environment are, in a global aspect, economic recession and depression, 

and at a local level, interest rate, credit policy, etc. 

Legal environment 

The legal environment creates risk and uncertainty in business. The legal system 

creates risk by disparity of current or new laws to the environment. In the international 

domain, complexity increases because of the variation of legal standards in different 

countries and can lead to conflict among the partners. The legal system creates 

opportunities also by stabilizing the society and, due to that organizations know the 

restrictions in their work. The legal system provides also a protection of rights, such as 

author’s right, copy right, unemployment protection. 

Cognitive environment 

The risk managers’ ability to reveal, understand and assess risk is not perfect. The 

difference between perception and reality for different people is an important source of 

risk for an organization. The cognitive environment is a big challenge to the risk 
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manager. The questions of how to assess the effect of the uncertainty on the 

organization and how to understand whether the perception of risk is real are 

considered. 

 Another way to classify risks in project, with an utterly different purpose though, 

is to distinguish them to known and unknown risks. Known risks are those that have 

been identified and analyzed, making it possible to plan responses to those risks. For 

known risks that cannot be managed proactively, the best way to deal with them is to 

assign a contingency reserve on the project budget. Unknown risks are those that 

cannot be identified and managed proactively and therefore should be assigned a 

management reserve for them (PMI, 2013). 

 

Figure 2.1: Risk management strategies 

 

 

 If we delve deeply to risk categorizations in a project, we can separate risks to 

individual and overall project risks. We could say that overall project risks represent the 

effect of uncertainty on the project as a whole and they are more than the sum of the 

individual risks within a project, since they include all sources of project uncertainty. 

They represent the exposure of stakeholders to the implications of variations in project 

outcome, both positive and negative. Unfortunately, the concept of overall project risk 

is usually overlooked in the project risk management approach adopted by most 

organizations. This means that our risk processes focus exclusively on individual risks 

and we fail to identify or proactively manage the overall risk exposure associated with 

our projects (Hilson, 2014). 

 In conclusion, it is important to point out that all projects involve risk, the zero 

risk project is not worth pursuing, and that project risk is by nature a very complex 

issue with very serious implications. Simplistic definitions may be of some account in 

special circumstances, but it is more important to face the complexity of what project 

risk management is really about if real achievement is to be attained when attempting 

to manage that risk. Organizations which better understand the nature of the risks and 
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can manage them more effectively can not only avoid unforeseen disasters but can 

work with tighter margins and less contingency, freeing resources for other endeavors 

and seizing opportunities for advantageous investment which might otherwise be 

rejected as “too risky” (Chapman & Ward, 2003). 

 

2.3 PROJECT RISK MANAGEMENT 

Risk is present in every aspect of our lives and quite naturally covers all aspects of 

organizational activities and it is included in all management levels. Nowadays, risk 

management has become a main part of the organization’s activities and its main 

target is to help all other management activities to reach the organization’s aims 

directly and efficiently (Tchankova, 2002). It is considered as an integral part of project 

management, a key process where most of project managers know that is essential for 

good project management (Serpella et al., 2014). According to the authors, risk 

management cannot be perceived as a tool to predict the future, since that is rather 

impossible. Instead, they describe it as a tool to facilitate the project in order to make 

better decisions. 

 From a tuple of definitions found in the literature concerning risk management, 

we could say that the main concept is the same, and better described as a systematic 

process that aims to identify and manage risk, in order to act on its appearance by 

implementing systems and procedures to identify, analyze, evaluate and address the 

risks inherent to any project (Raz & Michael, 2001; Marcelino-Sádaba et al., 2014). It is 

a continuous process that depends directly on the changes of the internal and external 

environment of the organization and includes the following main steps: 1) risk planning; 

2) risk identification; 3) risk analysis (qualitative and quantitative); 4) risk response, and 

5) risk control. In general, we could say that the process of risk management in projects 

is a rational chain of practices by which decision agents plan, execute actions and 

control the results in order to keep the implementation of the project under certain 

conditions (time, cost and quality parameters) (Rodrigues da Silva & Crispim, 2014). 

 Risk management is the highest ranked factor for project failure (Whittaker, 

1999; Kutsch, 2008), that’s why an organization, in order to be successful, should be 

committed to address risk management proactively and consistently throughout the 

project rather than reactively. A conscious choice should be made at all levels of the 

organization to actively identify and pursue effective risk management during the life of 
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the project. Moving forward on a project without a proactive focus on risk management 

is likely to lead to more problems arising from unmanaged threats (PMI, 2013). 

 Because project management is practiced in many different contexts, it is 

important to say that the project and organizational context influence the need for and 

use of project management practices and tools including risk management. Besner and 

Hobbs (2012) report that projects occurring within one or more of the following contexts 

are significantly more likely to need a comprehensive, detailed risk management 

process: large projects, long planning horizons, substantial resources, significant 

novelty, complexity, etc. The project stage is also a dimension of the context that 

influences the use of risk management tools, according to the conventional project 

management conceptual framework, more uncertainty is generally found during the 

early phases of the project (Winch, 2001). Furthermore, the effect of the culture in 

which the company operates is very significant, and it is generally argued that there are 

different influencing cultural factors. Liu et al. (2015) indicate that the corporate culture 

influences the enterprise risk management, and then influences the project risk 

management.  

Figure 2.2: Project risk management methodology proposed by phases (based on PMI's 

project lifecycle) (Marcelino-Sádaba et al., 2014) 
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 There are many benefits that an organization could gain from an effective and 

efficient project risk management and some of these benefits follow (Kendrick, 2009). 

Project Justification 

Project risk management is primarily undertaken to improve the chances of projects 

achieving their objectives. Although there are never any guarantees, broader 

awareness of common failure modes and ideas that make projects more robust can 

significantly improve the odds for success. The primary benefit of project risk 

management is either to develop a credible foundation for each project by showing that 

it is possible, or to demonstrate that the project is not feasible so it can be avoided, 

aborted, or transformed. Risk analysis can also reveal opportunities for improving 

projects that can result in increased project value. 

Lower Costs and Less Chaos 

Adequate risk analysis lowers both the overall cost and the frustration caused by 

avoidable problems. The amount of rework and unforeseen late project effort is 

reduced. Knowledge of the root causes of the potentially severe project problems 

enables project leaders and teams to work in ways that avoid these problems. Dealing 

with the causes of risk also minimizes “firefighting” and chaos during projects, much of 

which is focused short-term and deals primarily with symptoms rather than the intrinsic 

sources of the problems. 

Project Priority and Management Support 

Support from managers and other project stakeholders and commitment from the 

project team are more easily won when projects are based on thorough, 

understandable information. High risk projects may begin with lower priority, but this 

can be raised using a thorough risk plan, displaying competence and good preparation 

for possible problems. Whenever you are successful in improving the priority of your 

project, you significantly reduce project risk by opening doors, reducing obstacles, 

making resources available, and shortening queues for services. 

Fine Tuning Plans to Reduce Risk 

Risk analysis uncovers weaknesses in a project plan and triggers changes, new 

activities, and resource shifts that improve the project. Risk analysis at the project level 

may also reveal needed shifts in overall project structure or basic assumptions. 

 



- 24 - 

 

Establishing Management Reserve 

Risk analysis demonstrates the uncertainty of project outcomes and is useful in 

justifying reserves for schedule and/or resources. It’s more appropriate to define a 

window of time (or budget) instead of a single point objective for risky projects. It is fine 

to set project targets on expected estimates (the “most likely” versions of the plans), 

but project commitments for high-risk projects are best established with less aggressive 

goals, reflecting the risks. The target and committed objectives set a range for 

acceptable project results and visibly communicate the uncertainty. 

Project Communication and Control 

Project communication is most effective when there is a solid, credible plan. Risk 

assessments also build awareness of project exposures for the project team, showing 

when, where, and how painful the problems might be. This triggers people to work in 

ways that avoid project difficulties. Risk data can also be useful in negotiations with 

project sponsors. Using information about the likelihood and consequences of potential 

problems could make project leaders more influential in defining objectives, 

determining budgets, obtaining staff, setting deadlines, and negotiating project 

changes. 

 

 On the other hand, the absence of an effective project risk management 

function has several negative consequences for participants in a project due to lack of 

preventive action against the risks and uncertainty that any project presents. For 

example, the lack of prevention against the risk of scope definition of a project, or 

environmental hazards or communication risks, among others, leads to delays, 

significant increases in costs and contractual disputes. Moreover, if it’s implemented as 

a stop gap measure to keep a project alive, and not earnestly implemented and 

continued, it will generally be ineffective. Unfortunately, as Cervone (2006) said, risk 

management is often not given the attention it warrants. This does not necessarily 

mean that the project manager does not consider the issues related to risk, but rather 

that often project managers only perform a superficial examination of the issues related 

to risk and then add a “margin for risk”. Following we can see the main characteristics 

of organizations, categorized in levels, regarding risk management awareness 

(Serpella et al., 2014). 
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Level 1 

• The organization is not conscious about the need of risk management and lacks 

a structured approach to face risk and uncertainty. Usually the organization is 

weak even in project management basic themes. Success in this kind of 

organizations depends on individuals characteristics and not on those of the 

organizations. 

• The organization reacts after problems occur. No proactive action. 

• No attempt to identify project risk is realized with the purpose of developing 

mitigation plans. 

• Scarce or not attempt to learn from previous projects or to utilize lessons 

learned to prepare for uncertainty. 

Level 2 

• Although the organization is conscious to some degree about the potential 

benefits of RM, this is not implemented effectively in every project. 

• The organization knows that can learn from errors of the past, but this 

knowledge is not formalized and capabilities for application are limited. There is 

not a way to share lessons learned derived from projects of the organization. 

• There are basic processes and system for risk management, however there is 

not an structured or formal procedure. 

Level 3 

• The organization has developed and implemented a formal risk management 

system. 

• Projects use previous experiences, especially for risk identification for each new 

project. Successes of previous projects can be repeated.  

• In general, the benefits of risk management are understood in the upper levels 

of the organization. 

• Projects employ personnel with the required risk management skills who have 

adequate resources available to develop this process. 

• The probability, impact and severity of risk events are measured qualitatively. 

Level 4 

• Benefits of risk management are understood in every level of the organization. 
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• There exists a standard process for risk management which can be adequate 

for a particular project. There is a proactive approach for risk management. 

• The activities of risk management are extensive to the main project’s 

stakeholders, both internal and external. 

• Diverse strategies are implemented and documented as well as the results of 

risk management. These are analyzed later. 

Level 5 

• The organization is able to adapt itself, empower teams and organize according 

to the protocols of the company to reduce system risks and face emerging risks. 

• The organization has established an integral risk management plan with defined 

goals and the use of both, qualitative and quantitative measurements. 

• Team members are attentive to risk and opportunities with a proactive approach 

and with an environment that enhance team work. 

• There exist integration and collaboration between social, institutional, and other 

networks of stakeholders. 

 Ultimately, project risk management is about people making decisions to try to 

optimize the outcome, being proactive in evaluating risk and the possible responses, 

using this information to best effect, demonstrating the need for changes in project 

plans, taking the necessary actions and monitoring the effects. Balancing risk and 

expectation is one of the most challenging aspects of project management. The cultural 

change required in organizations to create a climate of understanding and openness 

about project risk could be difficult and lengthy, but there is no doubt that it will be 

easier to accomplish if risk management processes are better understood and 

integrated into the practice of project management. 

 

2.4 PROJECT RISK MANAGEMENT PROCESS 

The management of risk in projects is currently one of the main topics of interest for 

researchers and practitioners working in the area of project management. Risk 

management has been designated as one of the eight main areas of the Project 

Management Body of Knowledge (PMBoK) by the Project Management Institute, which 

is the largest professional organization dedicated to the project management field. 

Furthermore, most training programs for project managers include a course on risk 

management. Within the currently accepted view of project management as a life cycle 
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process, project risk management is also seen as a process that accompanies the 

project from its definition through its planning, execution and control phases up to its 

completion and closure (Raz & Michael, 2001). As we mentioned before, project risk 

management includes the processes of conducting risk management planning, 

identification, analysis, response planning, and controlling risk on a project. The main 

objectives of project risk management are to increase the likelihood and impact of 

positive events, and decrease the likelihood and impact of negative events in the 

project.  

 Of course, any project risk management process requires tools for its 

implementation. The adoption of analysis, planning, control or management tools 

involves a certain investment, which in certain cases may be quite significant. This cost 

represents the effort required, both at a personal and at the organizational level, to 

understand and to learn how to use the tool and to acquire the necessary infrastructure 

(technical expertise, computing aids, databases, operating procedures, etc.). That’s 

why organizations should be very cautious about which tools should be adopted. In the 

following subsection, we are going to analyze the processes of project risk 

management and their most important tools and techniques that are used. 

 

2.4.1 Plan Risk Management 

A very important aspect of the risk management process is planning. Risk planning is 

the detailed formulation of actions in a project for the management of risk. Planning 

begins by developing and documenting a risk management strategy. Early efforts 

establish the purpose and objective, assign responsibilities for specific areas, identify 

additional technical expertise needed, describe the assessment process and areas to 

consider, define a risk rating approach, delineate procedures for consideration of 

handling options, establish monitoring metrics and define the reporting, documentation 

and communication needs. The key benefit of this process is it ensures that the 

degree, type, and visibility of risk management are commensurate with both the risks 

and the importance of the project to the organization. 

 The planning of risk is iterative and includes the entire risk management 

process, with activities to assess (identify and analyze), handle and monitor. The result 

is the risk management plan. Tools and techniques that are used in this process, in 

order to develop the risk management plan, are analytical techniques, expert 
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judgement (experts could be senior management, project stakeholders, subject matter 

experts, industry groups and consultants and others) as well as meetings of the project 

 

Figure 2.3: Project risk management overview (PMI, 2013) 

 

team. It is important to say that careful and explicit planning enhances the probability of 

success for other risk management processes. 

 The risk management plan is the road map that tells the government and/or the 

contractor team how to get from where the project is today to where the project 

manager wants it to be in the future. The key to writing a good risk management plan is 
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to provide the necessary information so the project the project team knows the 

objectives and the goals of the risk management process. Another aspect of risk 

planning is ensuring that risk management plan includes adequate attention to project 

opportunities. The uncertainty inherent in projects means that some things may go 

better than expected. Considering project options that represent better opportunities 

can be at least as important to managing project risk as managing potential threats. 

 

2.4.2 Identify Risks 

Risk identification is arguably the most important phase of the risk process, since any 

risk not explicitly identified is being taken unconsciously and unexpectedly. It is 

therefore important that risk identification receives proper attention (Hilson, 2000).  It 

develops the basis for the next steps, analysis and control of risk management, and 

ensures risk management effectiveness. If risk managers do not succeed in identifying 

all possible losses or gains that challenge the organization, then these non‐identified 

risks will become non‐manageable. The organization will not account for them and will 

not take any actions related to them and the consequences could be unanticipated. 

The inability to identify possible gaining risks is as inappropriate as non‐identified risks 

related to the loss. Missing a good positive possibility that an organization seeks is a 

problem equal to bearing losses. 

 Risk identification has to be considered in a broader context. The attention of 

managers should not be concentrated only on what can be insured or mitigated. Risk 

identification should start with the basic questions (Tchankova, 2002): 

• How can the organizational resources be threatened? 

• What adverse effect can prevent the organization from achieving its goals? 

• What favorable possibility can be revealed? 

 Participants in risk identification activities may include the following: project 

manager, project team members, risk management team (if assigned), customers, 

subject matter experts from outside the project team, end users, other project 

managers, stakeholders, and risk management experts. While these personnel are 

often key participants for risk identification, all project personnel should be encouraged 

to identify potential risks. 

 Risk identification is a continuous process. It is wrong to believe that risk 

identification is a one‐off activity, which is carried out when the organization is 



- 30 - 

 

established, and the current risks are identified. In today’s dynamic economic 

environment such a point of view is completely wrong. Changes in the environment 

require continuous attention for identification of new risks. The organizational changes 

are due to orientation to new activities, introduction of new products, giving up old 

products, corporate changes as merges with other companies, etc. The environmental 

changes are due to the macroeconomic frame, changes in the political situation, 

changes in civil life, etc. A basic aim of risk managers is to be informed about these 

changes, to be able to interpret them in accordance with their influence on the 

organization’s resources. Continuous detection of new risks is part of risk identification. 

The idea of integrating the new risk into the risk identification process highlights the 

opinion that the attempt of the organization systematically to identify all risks, present 

and future, is in the organization’s best interests. 

 There are many alternative techniques available to assist in identifying risks, 

including brainstorms/workshops, SWOT analysis, assumptions analysis, prompt lists 

and checklists, Delphi technique, nominal group technique, document analysis, 

interviews, and diagramming techniques (Hilson, 2000). Some of these will be 

discussed below. 

Brainstorming 

The goal of brainstorming is to obtain a comprehensive list of project risks. The 

brainstorming process, borrowed from business management and not specifically 

created for risk management, involves redefining the problem, generating ideas, finding 

possible solutions, developing selected feasible solutions and conducting evaluation 

(Chapman, 1998). Originated by Osborn in the early 1950s, brainstorming was 

proposed as a problem solving method which would produce a much larger quantity of 

ideas in less time than existing group problem solving techniques (Mehdizadeh, 2012). 

SWOT Analysis 

This technique examines the project from each of the strengths, weaknesses, 

opportunities, and threats (SWOT) perspectives to increase the breadth of identified 

risks by including internally generated risks. The technique starts with identification of 

strengths and weaknesses of the organization, focusing on either the project, 

organization, or the business area in general. SWOT analysis then identifies any 

opportunities for the project that arise from organizational strengths, and any threats 

arising from organizational weaknesses. The analysis also examines the degree to 
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which organizational strengths offset threats, as well as identifying opportunities that 

may serve to overcome weaknesses. 

Checklists 

Checklists are a trivial method of risk identification where pre-determined crucial points 

are examined for symptoms of potential risk situation. These are simple to use and 

usually evolve over time through contributions from various functional experts and 

collective experiences (lessons learned, historical information). (Chapman & Ward, 

2003) 

Delphi Technique 

The Delphi technique is a method for the systematic collection and collation of 

judgments from isolated anonymous respondents (mainly project risk experts) on a 

particular topic, through a set of carefully designed sequential questionnaires 

interspersed with summarized information and feedback of opinions, derived from 

earlier responses (Chapman, 1998). 

Cause and Effect Diagrams 

A cause and effect diagram or a fish bone diagram is a graphical representation of root 

causes of quality problems, where major causes of the ultimate problem are grouped 

and broken down into detailed sources. Though, cause and effect diagrams are easy to 

use, they do not provide a foundation for further analysis such as relative importance of 

individual causes of a problem. Hence, cause and effect diagrams are used for 

deterministic problems in a very specific domain. (Ahmed et al., 2007) 

Assumptions Analysis 

Every project and its plan is conceived and developed based on a set of hypotheses, 

scenarios, or assumptions. Assumptions analysis explores the validity of assumptions 

as they apply to the project. It identifies risks to the project from inaccuracy, instability, 

inconsistency, or incompleteness of assumptions. 

 The primary output from identify risks process is a concentrated table of the 

categorized risks known as Risk Register. Risk register is the document where all the 

defined risks are recorded during the risk identification process that gets even more 

detailed as we move on the next stages of risk analysis and risk responses. It needs to 

be updated and monitored on a regular basis in order for the information to be provided 



- 32 - 

 

well-organized and the analysis, how to deal with it and the risk status could be 

defined.  

Table 2.2: Risk Register 

 

RISK REGISTER 

 

Risk 

ID # 

 

Risk 

Description 

 

Probability 

of 

occurrence 

 

Impact 

 

Score 

(Probability*Impact) 

 

Risk 

Owner 

 

Planned 

Responses 

       

       

 

 

2.4.3 Perform Risk Analysis 

The risk analysis process is the vital link between systematic identification of risks and 

rational management of the significant risks. The risk analysis process aims to evaluate 

the consequences associated with risks and to assess the impact of risk by using risk 

analysis and measurement techniques (Pipattanapiwong, 2004). This process intends 

to prioritize the identified risks for further actions.  The main input to risk analysis 

process is the identified risks from the risk identification process. The probability and 

impact of identified risks are two key variables in assessing the risk. This process can 

range from a very simple qualitative analysis to a quantitative analysis which is more 

sophisticated. 

 The qualitative risk analysis is often sufficient and the quality of the data does 

not justify any more sophisticated techniques (Patterson & Neailey, 2002). Quantitative 

techniques offer more rigor and objectivity but they are very demanding in terms of 

data. They typically involve a statistical analysis of historic data drawn from a database 

of experience developed in previous projects (Bowers & Khorakian, 2014). In many 

instances, quantitative data is hard to achieve and is restricted to a very small domain 

of the problem where historic trends could be sustained. If quantitative analysis is 

deemed essential, data availability may restrict the scope and critical risks may be 

ignored (Ahmed et al., 2007), hence a qualitative approach using subjective 

assessment techniques is often more appropriate for risk management. The subjective 

approach utilizes mainly the relative measures of human judgments, feelings and 
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opinions in comparison to ideal situations. Though the subjective approach is 

influenced by individual bias, preferences and expertise, it provides a basis for risk 

assessment where it is more important to highlight risk events that are possible, rather 

than an exact prediction of a catastrophic event. 

 Subsequently, we will only look at the qualitative analysis. Quantitative analysis 

will be further examined in Chapter 3. 

Qualitative analysis 

Qualitative methods for risk assessment are based on descriptive scales, and are used 

for describing the likelihood and impact of a risk. These relatively simple techniques 

apply when quick assessment is required. The main aim is to prioritize potential threats 

in order to identify those of greatest impact on the project. During the phases of the 

project, risks may change, and thus continuous risk assessment helps to establish 

actual risk status. 

 A typical qualitative risk assessment usually includes the following issues 

(Pipattanapiwong, 2004):  

• a brief description of the risk;  

• the stages of the project when risk may occur;  

• the elements of the project that could be affected;  

• the factors that influence risk to occur;  

• the relationship with other risks;  

• the likelihood of risk occurring; and  

• how risk could affect the project.  

 The direct judgment, ranking options, comparing options and descriptive 

analysis are also considered as qualitative risk measurement. The main methods for 

risk qualitative assessment are briefly discussed below. 

Risk Probability and Impact Assessment 

Qualitative risk assessment based on categorization of both probability and impact 

provides greater insight into the absolute risk severity (Kendrick, 2009). The risk 

impact assessment investigates the potential effect on a project objective such as 

schedule, cost, quality, or performance, including both negative effects for threats and 

positive effects for opportunities. A risk assessment table or spreadsheet where risks 
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are listed with category assignments for both probability and impact is one approach of 

it. 

Table 2.3: Risk Assessment table 

 

Risks 

 

Probability 

 

Impact 

 

Overall Risk 

    

    

    

 

Probability and Impact Matrix 

Risks can be prioritized for further quantitative analysis and planning risk responses 

based on their risk rating. Ratings are assigned to risks based on their assessed 

probability and impact. Evaluation of each risk’s importance and priority for attention is 

typically conducted using a look-up table or a probability and impact matrix. Such a 

matrix specifies combinations of probability and impact that lead to rating the risks as 

of low, moderate, or high priority. Descriptive terms or numeric values can be used 

depending on organizational preference. 

Figure 2.4: Probability and Impact Matrix (PMI, 2013) 

 

Risk categorization and Risk Urgency Assessment 

These two methods mentioned by PMI (2013) are not as commonly used as probability 

and impact. Risks to a project can be categorized by sources of risk (using the RBS), 
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the area of the project affected (using the WBS), or other useful categories (project 

phase) to determine the areas of the project most exposed to the effects of uncertainty. 

Risks can also be categorized by common root causes. This technique helps determine 

work packages, activities, project phases or even roles in the project, which can lead to 

the development of effective risk responses. As far as risk urgency assessment is 

concerned, risks requiring short-term responses may be considered more urgent to 

address. Indicators of priority may include probability of detecting the risk, time to affect 

a risk response, symptoms and warning signs, and the risk rating. In some qualitative 

analyses, the assessment of risk urgency is combined with the risk ranking that is 

determined from the probability and impact matrix to give a final risk severity rating. 

 

2.4.4 Plan Risk Responses 

The importance of effective risk management for a project success is not disputed. 

Considerable attention has been given to ensuring comprehensive identification and 

objective assessment of project risks, to provide a clear understanding of the extent of 

risk exposure a project is faced with. Many techniques have been developed to support 

these stages in the risk process, which work well when used properly. However, 

identification and analysis will be worthless unless responses can be developed and 

implemented which really make a difference in addressing identified risks. Yet risk 

response development is perhaps the weakest part of the risk process, and it is during 

this process that many organizations fail to gain the full benefits of project risk 

management. 

 Plan risk responses is the process of developing options and actions to 

enhance opportunities and to reduce threats to project objectives. According to Hilson 

(1999), to be effective, risk responses must meet a number of important criteria. All 

responses must be: 1) Appropriate, 2) Affordable, 3) Actionable, 4) Achievable, 5) 

Assessed, 6) Agreed and 7) Allocated & Accepted. 

 A number of alternative strategies to reduce threats are available when 

planning risk responses. They can be described under four headings. 

• Avoid, seeking to eliminate uncertainty. 

• Transfer, seeking to transfer ownership and/or liability to a third party. 

• Mitigate, seeking to reduce the size of the risk exposure to below an acceptable 

threshold. 
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• Accept, recognizing residual risks and devising responses to control and 

monitor them. 

 It is recommended that avoidance strategies should be considered as the first 

option, since it is clearly best to remove risk completely if possible. Transfer should be 

investigated second, although the scope for this is often limited. The third choice is risk 

mitigation, seeking to reduce risk exposure, leaving acceptance as the last resort for 

residual risks which cannot be addressed by any other strategy.  

Avoid 

The risk avoidance strategy seeks to eliminate uncertainty. This can be achieved by 

two types of response: direct and indirect. Where risk arises from lack of knowledge 

(uncertainty), it can be tackled directly. The following actions can lead directly to 

elimination of uncertainty: clarifying requirements, defining objectives, obtaining 

information, improving communication, undertaking research, prototyping or 

development, acquiring expertise (via training or recruitment). An alternative avoidance 

response might be devised to target the cause of the risk, where this is identified. 

Removing the source (or breaking the causal chain) can make it impossible for the risk 

to occur, thus eliminating the uncertainty. 

 Indirect avoidance responses involve doing the project in a different way, which 

can also eliminate much of the uncertainty by making any impact irrelevant to the 

project. Examples include: changing the scope of the project to exclude risky elements, 

adopting a familiar approach instead of an innovative one, using proven technology 

and/or methodology instead of leading edge, building redundancy into the project 

design. It may also be possible to “design out” certain types of risk in the early stages 

of a project, by making strategic project decisions, which preclude certain risky 

possibilities (Hilson, 1999). 

Transfer 

The risk transfer strategy aims to pass ownership and/or liability for a particular risk to a 

third party. The ability to transfer liability for risk exposure seems attractive to many 

organizations, and many seek to use this strategy whenever possible. Its main use 

however is limited to financial risk exposure, since while it is possible to arrange for 

some other party to pay money in the event of a risk occurring, it is often difficult to 

enhance performance shortfalls, and it is never possible to recover lost time. It is also 

important to remember that risk transfer nearly always involves payment of a risk 
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premium, and the cost must be balanced against the benefit of transferring the risk to 

another party. Some common risk transfer strategies include use of insurances, 

performance bonds, warranties and guarantees. 

Mitigate 

Mitigation strategies are essential for project risk management, because avoidance and 

transfer can never deal with every significant project risk; we could even say that there 

use is usually limited. The purpose of risk mitigation is to reduce the “size” of the risk 

exposure to below a threshold of “risk acceptability”. In other words, mitigation 

strategies serve to reduce the probability and/or the impact of potential problems. It is 

clearly important to define the threshold before embarking on any mitigation, since it 

forms the target against which response effectiveness can be measured. Some generic 

ideas for risk mitigation include: good communication, using specialists and generalists, 

strong sponsorship, continuing user involvement and clear decision priorities (Kendrick, 

2009). 

Accept 

Residual risks are those which remain after avoidance, transfer or mitigation responses 

have been taken. They also include those minor risks where any response is not likely 

to be cost effective compared to the possible cost of bearing the risk impact. These 

must also be proactively managed, even if they cannot be influenced in the same way 

as other risks. The project must recognize and accept these risks, and adopt 

responses to protect against their occurrence. The most usual risk acceptance 

response is contingency planning, including amounts of time, money or resource to 

account both for known risks and for those which are currently unknown. 

 

Figure 2.5: Risk management timeline 
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 On the other hand, also four strategy responses are suggested to deal with 

risks with potentially positive impacts on project objectives. These strategies, described 

below, are to exploit, share, enhance, and accept (PMI, 2013). 

Exploit 

The exploit strategy may be selected for risks with positive impacts where the 

organization wishes to ensure that the opportunity is realized. This strategy seeks to 

eliminate the uncertainty associated with a particular upside risk by ensuring the 

opportunity definitely happens. 

Share 

Sharing a positive risk involves allocating some or all of the ownership of the 

opportunity to a third party who is best able to capture the opportunity for the benefit of 

the project. 

Enhance 

The enhance strategy is used to increase the probability and/or the positive impacts of 

an opportunity. Identifying and maximizing key drivers of these positive-impact risks 

may increase the probability of their occurrence. Examples of enhancing opportunities 

include adding more resources to an activity to finish early. 

Accept 

Accepting an opportunity is defined as showing willingness to take advantage of the 

opportunity if it arises, but not actively pursuing it. 

 

2.4.5 Control Risks 

This final process of project risk management is vital since all information about the 

identified risks is collected and monitored (Winch, 2001).  By the progress of the 

project, new information becomes available and the list of project risks changes by 

appearance of new risks, whether foreseen or unforeseen, or disappearance of some 

anticipated risks. The project risk management planning should therefore be up to date 

and the project manager should ensure that risk identification, analysis and response 

planning are repeated at reasonable intervals, or in response to project events. Risk 

control keeps track of the identified risks, residual risks, and new risks. It also monitors 

the execution of planned strategies on the identified risks and evaluates their 
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effectiveness. In short, control risks is the process that improves efficiency of the risk 

approach throughout the project life cycle to continuously optimize risk responses.  

 The control risks process applies techniques, such as variance and trend 

analysis, which require the use of performance information generated during project 

execution. The main tools and techniques according to PMI (2013) are being analyzed 

below. 

Risk Reassessment 

Control risks often results in identification of new risks, reassessment of current risks, 

and the closing of risks that are outdated. Project risk reassessments should be 

regularly scheduled. The amount and detail of reevaluation that are appropriate 

depends on how the project progresses relatively to its objectives. 

Risk Audits 

Risk audits examine and document the effectiveness of risk responses in dealing with 

identified risks and their root causes, as well as the effectiveness of the risk 

management process. The format for the audit and its objectives should be clearly 

defined before the audit is conducted. 

Variance and Trend Analysis 

For the purposes of controlling risks, trends in the project’s execution should be 

reviewed using performance information. Earned value analysis and other methods of 

project variance and trend analysis may be used for monitoring overall project 

performance. Outcomes from these analyses may forecast potential deviation from 

cost and schedule targets of the project at completion. Deviation from the baseline plan 

may indicate the potential impact of threats or opportunities. 

Reserve Analysis 

Throughout execution of the project, some risks may occur with positive or negative 

impacts on budget or schedule contingency reserves. Reserve analysis compares the 

amount of the contingency reserves remaining to the amount of risk remaining at any 

time in the project in order to determine if the remaining reserve is adequate. 

Other purposes of this process are to determine if:  

• project assumptions are still valid; 

• analysis shows an assessed risk has changed or can be retired; 
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• risk management policies and procedures are being followed; 

• contingency reserves for cost or schedule should be modified in alignment with 

the current risk assessment. 

 

2.4.6 Problems in Risk Management Process 

Many organizations invest lot of money on setting up risk processes and supporting 

tools, which then fail to deliver the expected outcome. This is because self-evidently 

correct process doesn't necessarily work well when trying to get human beings 

collectively to agree on how to manage potential future events. This applies to projects 

of change as well as to organizations as a whole. Despite what standards and 

guidance address about risk management process, many processes for projects don't 

work very well in practice. 

  The following are typical examples of problems that project managers face, 

arranged into three categories (Pullan, 2012). 

1. Problems around applying risk management processes 

• People believe that if we have a risk register, however out of date, that we are 

managing risk. 

• People don't understand the risk process. 

• It is unclear to stakeholders what risk is. 

• People focus on issues rather than risks. 

• We only focus on negative threats, and ignore positive opportunities. 

• The project team is too woolly when describing risks. 

• Stakeholders don't take risk ownership, but expect the project manager to do 

so. 

• Identifying risks is fine but then people run out of steam. 

• Risk actions often don't get done. 

2. Problems around facilitating risk meetings and workshops 

• Our project managers get far too involved when facilitating risk workshops. 

• The purpose and objectives of our risk workshops are not clear at the start. 

• The project team tends to get overwhelmed with detail in risk workshops and 

don't get very far. 
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• Project risk meetings involve a huge range of hierarchies and this tends to get 

in the way of people talking openly. 

• It's very difficult to engage people for more than one workshop as their 

enthusiasm fades as time goes on. 

• Project risk workshops are boring. 

3. Problems to do with project and company culture around risk management 

• Project managers are so busy managing their project issues that risk 

management tends to get squeezed out. 

• Senior managers label project managers as “difficult” or “negative” if they talk 

about threats to delivery. 

• Reactive “heroes” not proactive risk managers are rewarded – this drives the 

wrong behaviors. 

• No one can see the pain we avoid; we're not notice the value we create. 
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CHAPTER 3: QUANTITATIVE RISK ANALYSIS 

TOOLS AND TECHNIQUES 

 

3.1 INTRODUCTION 

While the financial and economic crisis is present at a global level and the competition 

in the market is more and more aggressive, the interest in project risk management 

increases. Effective risk management provides a solid basis for decision-making in 

projects, bringing important benefits, such as: reduced costs, increased engagement of 

stakeholders and better change management (Purnus & Bodea, 2013). As stated in the 

previous chapter, risk analysis strives for deeper understanding of potential project 

problems. Techniques for doing this effectively may provide either qualitative 

information for prioritizing risks or quantitative risk measures. Qualitative techniques 

are easier to apply and generally require less effort. Qualitative risk assessment is 

often sufficient for rank-ordering risks, allowing you to select the most significant ones. 

As far as quantitative methods are concerned they strive for greater precision, and they 

reveal more about each risk. These methods require more work, but quantitative 

analysis also provides data on the absolute extend of the risks and allows you to 

estimate schedule and/or budget reserves needed for risky projects. 

 Quantitative analysis is a superset of qualitative analysis, since it includes all of 

its element and a mathematical analysis as well. According to PMI (2013), quantitative 

risk analysis is the process of numerically analyzing the effect of identified risks on 

overall project objectives and also supports decision making in order to reduce project 

uncertainty. The most important consequences that arise from risk occurrence can be 

quantitatively measured in terms of: 

• the increased cost (out of budget), the cost which exceeds the initial prediction; 

• extra time (out of time), the delays which cause belated project delivery; 

• low quality and  performance, the project weakness to response to the initial 

specifications and standards. 

 The project quantitative risk analysis is considered the hardest part of risk 

management, because it is based on advanced statistics and mathematics methods. A 

lot of deterministic and probabilistic methods were developed over time and made 

available, especially through software implementation. But these methods are 

occasionally not properly applied, or not applied at all. The main reasons for this are 
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lack of expertise, difficulties in collecting historical data, complexity of risk quantification 

methods, the absence of easy-to-use tools and also the computation effort (Purnus & 

Bodea, 2013). Of course quantitative analysis should not necessarily be conducted at 

every risk management process and every project. Probably, it should not be 

conducted at small projects or projects with limited budget or timeline, while its 

application is difficult in real time conditions. However it is essential on a large scale 

projects, since lack of quantitative analysis may incur terrible losses for the 

organizations. 

 Furthermore, the availability of time and budget, and the need for qualitative or 

quantitative statements about risk and impacts, should determine which methods to 

use on any particular project. 

 Quantitative techniques such as sensitivity analysis, expected monetary value 

analysis, decision trees and simulations (such as Monte Carlo) can provide further 

insight into project risk, and may also be used for overall project risk assessment. 

These techniques will be analyzed below, with greater emphasis to be given on Monte 

Carlo simulation.  

 Perform quantitative risk analysis should be repeated, as needed, as part of the 

control risks process to determine if the overall project risk has been satisfactorily 

decreased. A very important issue that needs to be dealt with, regarding the above 

methods, is that they may produce false estimations of the overall project risk if the 

method utilized is not the appropriate one or if we do not insert the appropriate data. In 

order for this to be avoided, the team responsible for the risk management process 

should realize some activities (such as expert judgment and interviews) so that the 

quantitative analysis is as accurate and reliable as possible. 

 

3.2 TOOLS AND TECHNIQUES  

3.2.1 Sensitivity Analysis 

Project models are comprised of variables and formula relationships. Input variables 

are combined through the formulas to determine the predicted outcome and the 

corresponding outcome value. Obviously, some variables will be more important than 

others. Sensitivity analysis is the process of analyzing the relative importance of 

elements in the model. Usually attention is focused on the input variable assumptions 

(Cohen, 1990). 
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 Sensitivity analysis answers the question: “how sensitive is the end result to 

changes of various factors affecting it?”, and also can help us to decide between 

alternative courses of action on the basis of those factors (Stefanovic & Stefanovic, 

2005). Consequently, we could say that is an analysis that provides ways to identify 

key variables that have the greatest impact on the outcome value and its uncertainty.  

 In short, sensitivity analysis helps to determine which risks have the most 

potential impact on the project. Yet, if we examine the purpose of this process 

thoroughly we could argue that sensitivity analysis (Iloiu & Csiminga, 2009): 

• helps us identify the key variables which influence the project cost and benefit 

streams; 

• investigates the consequences of changes in key variables; 

• assesses whether project decisions are likely to be affected by such changes; 

• identifies actions that could possibly have negative or positive effect on the 

project. 

 Sensitivity analysis is considered to be an important modeling tool and needs to 

be realized in a systematic manner. To meet the above purposes, the following steps 

are recommended to be followed (Iloiu & Csiminga, 2009): 

1. identify key variables to which the project decision may be sensitive. 

2. calculate the effect of likely changes in these variables and calculate a 

sensitivity indicator and/or switching value. 

3. consider possible combinations of variables that may change simultaneously in 

an adverse direction. 

4. analyze the direction and scale of likely changes for the key variables 

identified, involving identification of the sources of change. 

 A spider diagram, such as Figure 3.1, is a popular way to present sensitivity 

analysis. The x-axis is a percent or fraction deviation from the base case. Although 

any dependent parameter (PV, IRR, etc.) can be used along the y-axis, an outcome 

value measure is preferred. The graph shows how sensitive the model's outcome is to 

changes in individual input variables: the more sensitive, the steeper the slope. 

A more popular way to express the effect of the range of uncertainty for input variables 

is the tornado diagram. An example is shown as Figure 3.2. Alternative cases are run, 

changing one variable at a time to a low confidence bound (e.g., 10 percent), then to a 

high confidence bound (e.g., 90 percent). The tornado diagram is helpful in analyzing 
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risk-taking scenarios enabled on specific risks whose quantitative analysis highlights 

possible benefits greater than corresponding identified negative impacts. A tornado  

 

Figure 3.1: Spider Diagram

 

 

diagram is a special type of bar chart used in sensitivity analysis for comparing the 

relative importance of the variables. In a tornado diagram, the y-axis contains each 

type of uncertainty at base values, and the x-axis contains the spread or correlation of 

the uncertainty to the studied output. The variables are prioritized in sequence of 

importance according to the range of the resulting outcome values. When the graph is 

oriented in the manner shown, the outline of the bars resembles a tornado. 
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Figure 3.2: Tornado diagram

 

 

 

3.2.2 Expected Monetary Value 

Expected monetary value is a simple and very effective analytical technique that can 

help us reduce the effects of many project illusions. It is a standard approach to take 

into account the potential gains and losses of a situation. This entails taking each cost 

and revenue item, multiplying each risk of gain and loss by the probability of its 

occurrence, and summing all these values algebraically (see Table 3.1) (Piney, 2003). 

The expected monetary value of opportunities is generally expressed as positive value, 

while those of threats are expressed as negative values. The formula for expected 

monetary value (EMV) is (Stefanovic & Stefanovic, 2005): 

EMV(x) =S [PV(x) * p(x)], 

where: x = possible outcome, PV(x) = present value of outcome, p(x) = probability of 

outcome. 

 This formula allows for the possibility of what the outcomes will be in the future, 

thus requiring use of present values and discounted cash flow. 
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Table 3.1: Calculation of the net expected monetary value of a project 

  Impact Probability EMV 

Known income 1,000,000€ 1 1,000,000€ 

Definite costs -750,000€ 1 -750,000€ 

Threat 1 -500,000€ 10% -50,000€ 

Threat 2 -200,000€ 15% -30,000€ 

Opportunity 1 250,000€ 5% 12,500€ 

Opportunity 2 125,000€ 25% 31,250€ 

Net Expected Monetary Value   213,750€ 

 

 The advantage of expected monetary value is that you do not need to perform 

any complex calculations. You simply multiply the probabilities on possible outcomes 

for different scenarios and then compare the results. Even though it is simple, people 

do not bother to do these calculations even though substantial sums may be at risk. 

The weakness of this method, in general, lies in the accuracy of its input. A common 

use of this type of analysis is a decision tree analysis, which will be analyzed in detail 

below. 

 

3.2.3 Decision Tree Analysis 

While making many decisions is difficult, the particular difficulty of making these 

decisions is that the results of choosing from among the alternatives available may be 

variable, ambiguous or unknowable. Decision tree analysis is a technique that is used 

to structure a decision process and evaluate outcomes from uncertain events. The 

decision tree analysis for making decisions in the presence of uncertainty can be 

applied to many different project management situations. For instance (Hulett, 2006): 

Should we use the low-price bidder? Should we adopt a state-of-the-art technology? 

 Decision tree analysis is a graphical method of structuring models. It brings 

together the information needed to make project decisions and shows the present 

possible courses of action and all future possible outcomes. Each outcome must be 

given a probability value indicating its likelihood of occurrence. This form of risk 
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analysis is often used in the cost risk analysis of projects (APM, 2012; Besner & 

Hobbs, 2012), being most of the times related to the expected monetary value 

technique. Because the consequences of each decision are not known with certainty, 

the choice of the most beneficial decision and its value is typically calculated based on 

the values of each possible result multiplied by the probability of that result. Thus, the 

most common presentation of decision tree analysis bases the decision on the 

expected value of the alternatives. Consequently, we could say that decision trees 

combine the concept of expected monetary value with the concept of joint probability. 

 As it was aforementioned, a decision tree is a graphical representation of 

expected value (most of the times being the expected monetary value) calculations. 

The tree consists of decision, chance and terminal modes connected by branches. The 

diagram acts as a blackboard to document our understanding of a situation. This 

facilitates team collaboration, communication and instruction. Theoretically, any 

decision, no matter how complex, can be analyzed using a decision tree analysis. But 

decision tree analysis is especially suited to quick-and-dirty everyday problems where 

one simply wants to pick the best alternative. There are three types of nodes in a 

decision tree (Schuyler, 1993): 

• Decision nodes represented by squares: these are variables or actions the 

decision maker controls. 

• Chance event nodes represented by circles: these variables or events cannot 

be controlled by the decision maker. 

• Terminal nodes (or end of branch) represented diagrammatically by triangles. 

Usually an outcome value is attached. 

 By convention, the tree is drawn chronologically from left to right. The starting 

decision node is called the root, and the radial lines are called branches. The terminal 

nodes are sometimes called leaves. An overly-complex tree bears the label, a bushy 

mess. An example of a decision tree is shown in Figure 3.3. 

A decision tree diagram is usually annotated with these numbers: 

• Outcome values, representing present values of the resulting cash flow stream, 

discounted to the date of the root decision node. Sometimes, benefits and costs 

are placed along branches as they are realized. More commonly, all or most of 

the outcome value is assigned to terminal nodes. 

• Node values, calculated when solving the tree. 

• Probabilities, for each outcome branch emanating from chance nodes. 



- 49 - 

 

 Solving the decision tree is a simple back-calculation process. Starting from the 

terminal nodes at the right, each node is labeled with its expected value. Usually, these 

expected values are expected monetary values. Here are the three simple rules for 

solving a tree (Schuyler, 1993): 

• A chance node's value is the expected monetary value of its branches. 

• A decision node's value is the value of the best alternative, using the expected 

monetary value decision rule. 

• A present value cost or benefit value that was placed along a branch is 

subtracted (costs) or added (benefits) when traversed. 

 

Figure 3.3: Decision tree diagram (PMI, 2013) 

 

 

 While small or medium trees are easy to be solved with simple mathematical 

calculations, this is not the case for more complex trees. For instance, for a tree with 

over one hundred branches many calculations are needed. For the small or medium 

ones, some spread sheets of popular software, such as Microsoft® Office Excel, can 

be created. In addition, some other specialized software are available to handle bigger 

trees and repeated calculations. The two most popular are TreeAge Software Inc and 

PrecisionTree®  of Palisade Corporation. 
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3.2.4 Monte Carlo Simulation 

The continuous growth of challenges and the complexity of projects lead to the 

development of new approaches to model and support uncertainties and risks. The 

experience gained through project planning shows that the probability of successful 

implementation of deterministic project schedules and budgets is very low. Therefore 

project planning technology should always include risk simulation to produce reliable 

results. Decision trees are useful for situations where you have discrete estimates. In 

more complex cases, options may be modeled or simulated (probabilistic analysis 

could be made). 

 Probabilistic analysis specifies a probability distribution for each risk and then 

considers the effect of risk in combination. This is perhaps the most common method of 

performing a quantitative risk analysis and is the one most people consider, incorrectly, 

to be synonymous with the whole project risk management process. Recognized by the 

accuracy of its results, the Monte Carlo method is part of the probabilistic methods 

used in risk simulation. This method is the most common form of probabilistic analysis. 

It relies on the random calculation of values that fall within a specified probability 

distribution often described by using three estimates: minimum or optimistic, mean or 

most likely and maximum or pessimistic. The overall outcome for the project is derived 

from the combination of values selected for each one of the risks. The calculation is 

repeated a number of times, perhaps thousands of times in some occasions, to obtain 

the probability distribution of the project outcome. It is usual to carry out a probabilistic 

time analysis, with the aid of a critical path method network, to model the project 

schedule. The same method can be used for probabilistic cost analysis especially 

when the cost estimate can be broken down into the same categories or activities as 

the schedule and then cost risks are related to time risks (APM, 2012). 

  The method was invented by a mathematician who was involved with 

developing nuclear fission technology, Stanislaw (Stan) Ulam, who later presented a 

sample random number to address a neutron diffusion problem to John Von Neumann, 

in March of 1947. But since this method required repetitive work it was developed 

further with the assistance of computers. The ENIAC computer was the first computer 

to run Monte Carlo simulations, albeit, for a different application than analyzing the 

uncertainty related to risk events and cost or schedule estimates (Barreras, 2011). 

Once computer based analysis was practical, Monte Carlo simulation techniques 

began to be widely used to analyze many kinds of complex systems, including projects. 

Initially, this sort of analysis was very expensive (and slow), so it was undertaken only 
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for the largest, most costly projects. This is no longer an issue with today’s inexpensive 

desktop systems. The method takes its name from the metropolis of gambling games 

and the source of inspiration for each creation was the most common device of random 

numbers, the roulette. 

 The accomplishment of accuracy is close to impossible. Consequently, as a 

general principle, Monte Carlo is the most suitable method when a 5-10% deviation 

from the expected outcome can be accepted. Still a greater accuracy can be achieved 

by using this method, if the problem is simulated with various random parameters. To 

fully comprehend which problems can be solved through Monte Carlo process we 

should point out what it can be applied to every process which is affected by random 

factors.  

 Monte Carlo simulation, if modeled and run properly, will provide justification for 

risk treatments or response plans and a clear and adequate basis for project planning 

and risk analysis. Some key assumptions for a successful project set up are (Barreras, 

2011): 

• Continuously managing of risks. 

• Monte Carlo simulation requires some basic elements when being set up. Both 

cost estimates and activity duration estimates need consideration of worst-case 

and best-case scenarios. It is not enough to consider only the most likely value. 

• The rule “Garbage In, Garbage Out” must be understood by the project 

manager and the project sponsor. A Monte Carlo simulation is not a miracle 

working tool. It is only as good as the quality of information and effort put into it. 

• All stakeholders can in some way participate in the risk management process 

and the Monte Carlo simulation. 

 When an organization, decides that a project is going to use Monte Carlo 

simulation for analyzing the project risks, then these preparation and execution steps 

should be followed. 

1. Stakeholder Awareness 

2. Continuous Risk Management 

• Plan 

• Identify 

• Assess, score and prioritize 

• Analyze 

• Treatment or response planning 
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• Monitor and control 

3. Initial Estimate Preparation 

4. Determine Correlations 

• Between estimate line items 

• Between risk drivers 

• Between line items and risks 

5. Build Model 

6. Run Monte Carlo Simulations 

7. Produce and Communicate Results 

 It is important to recognize that these steps are not necessarily sequential and 

some may occur in parallel. These steps overlap project controls, schedule 

development, cost estimation, risk management, and communications processes and 

are not intended to replace these practices, but rather serve as a guide in preparing to 

use Monte Carlo simulation as a tool. 

 Monte Carlo analysis is one of the simplest mathematical techniques what can 

be applied to risk assessment. This technique consists of a combination of thousands 

of random sample results of probability distributions, in such a way that the distributions 

which are produced can reflect the expected frequency and result. In order to evaluate 

the Monte Carlo analysis, the validity of assumptions should be taken into 

consideration. An integral part of Monte Carlo technique is the production of random 

number. Similar to rolling the dice, the software possesses an engine that producing 

random numbers. Two basic forms of sampling which are used are Monte Carlo 

sampling (random sampling) and the Latin sampling. The Monte Carlo sampling, which 

we apply in the present dissertation, evaluates the probability distributions randomly 

and it is useful to carry out statistical trials.  

 Regarding the process of simulation, the model of the project consists of a 

series of repetitions that control the process offering many realistic solutions. The 

software produces enough cases until a definite number of trials are carried out. 

Hundreds or thousands of repetitions are carried out so that we can reach a logical 

assumption for the expected value. The sequence of the simulation is the following: 

• Sampling of probability distributions, which represent the various random 

probabilistic variables. 

• Replacement of the values of the trial with random variables of the model. 

• Save predefined values, such as time or cost. 
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• Return to the first step and restart the number of repetition until the outcome is 

accurate enough. 

• Result analysis. 

 

Monte Carlo simulation with discrete stochastic variables 

The most common theoretical discrete probability distributions are the discrete uniform 

distribution, the binomial distribution and the Poisson distribution (Purnus & Bodea, 

2012). 

 The discrete uniform distribution describes variables with a small number of 

possible values, each with the same probability of realization. If the number of possible 

values is n, and set values possible is {x1, x2… xn}, then the probability mass function is 

P(X = xi) = P(xi) = 1/n for any value xi, and the cumulative distribution function is F(xi) = 

P(X ≤ xi) = i/n, for i = 1, 2, ...,n. 

 The binomial distribution is a discrete probability distribution that applies when 

there are only two possible outcomes: success or failure, admitted or rejected, passed 

or not passed, etc. For example, the stochastic variable is the number of experiments 

with "success". If p, the probability of "success" is the same for each of the n 

experiments, and experiments are independent, the probability mass function is 

defined by the probability that the number of successful experiments to be equal to a 

value xi and can be calculated with the expression: P(X = xi ) = P(xi ) = Cn
x pxi (1− p)n- xi, 

for xi = 0, 1, … , n, where ‘n’ is the number of experiments. The cumulative distribution 

function is defined as: F(xi) = P(X ≤ xi) = � ��ν�
��
	
� , for xi = 0, 1, … , n. The average, µ 

has the value n*p, and the dispersion is define as: σ 2 = n p (1− p). 

 

 The Poisson distribution is a discrete probability distribution that applies to 

independent random events. The stochastic variable is the number of events that can 

occur in a period of time. The probability mass function is the probability that the 

number of events occurring within a specified time to a value equal to xi and can be 

calculated with the expression: P(X = xi) = P(xi) = 	
�� 	���

��!
 , where λ is the average 

number of events in a time specified. 
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Monte Carlo simulation with continue stochastic variables 

Unlike discrete probability distribution, it is not possible to define a continuous 

probability distribution in order to determine the probability for some particular value of 

continue stochastic variable. Since a continuous stochastic variable is a variable that 

can have any value a specified period, it has an infinite number of possible values in 

that interval and thus the probability that a continuous stochastic variable to have some 

particular value is zero. For a continuous stochastic variable, it is possible to defined 

probability as the variable value to be included in a specified interval. In this regards, 

the distribution is represented by a curve, and the probability is determined by 

evaluating the area under the curve between the interval margins on x-axis (Purnus & 

Bodea, 2014). 

 The continuous uniform distribution. If a stochastic variable uniformly distributed 

in [a, b], the probability density, f(x) is defined as follow: f (x) = 0 for x < a, f (x) = 1/(b – 

a) for a ≤ x ≤ b and f (x) = 0 for x > b. The cumulative distribution function, F is defined 

as follow: F(x) = 0 for x < a, F(x) = (x – a)/(b – a) for a ≤ x ≤ b, and F(x) = 1, for x > b. 

Media, µ is equals with (a + b)/2 and variance σ2 is equals with (b-a) 2/12. 

 The triangular distribution. It describes the probability values of a variable by 

three values: the minimum (a), the most likely (b) and maximum (c). It is assumed that 

the probability of achieving the minimum and maximum value is zero. The probability 

density function, f(x) is f(x) = 2 (x-a)/((b-a) (c-a)), for a ≤ x ≤ b and f(x) = 2(c-x)/((c-a)(c-

b)) for b < x ≤ c. The cumulative distribution function, F(x) is define as follow: F(x) = P(X 

≤ x) = 0, for x < a, F(x) = ((x-a)2)/((b-a)(c-a)), for a ≤ x ≤ b, F(x) = 1 - ((c-x)2)/((ca)( c-b)), 

for b < x ≤ c, F(x) = 1, for x>c. Mean is equals with (a + b + c)/3, and dispersion, σ2 is 

equals with (a2 + b2 + c2 – a*b – a*c – b*c)/18. 

 The normal distribution (Gaussian distribution). It describes the population 

characteristics or distributions of quantities that are sums of other sizes (according to 

the central limit theorem). Thus, the total duration of a project, the amount of 

probabilistic duration of activities on the critical path is a variable with normal 

distribution. Normal distribution is a symmetrical distribution as a bell. Function f(x) is a 

probability density function with two parameters, mean, and dispersion σ2, having the 

form: f(x) = 
�

√����
 exp(- 

������

�	��
 ). Since f(x), the probability density function of the normal 

distribution cannot be integrated exactly, it is not used directly. Calculation of areas 

needed to determine the probabilities P(a ≤ x ≤ b) and the cumulative distribution 

function are based on the standard normal probability distribution, which is a normal 
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distribution of a stochastic variable with mean µ = 0, dispersion σ2 = 1 and standard 

deviation σ = 1. To transform a stochastic variable X with normal distribution into a 

stochastic variable Z with the standard normal distribution, the following formula can be 

used: Z = (x - µ) / σ. In the standard normal distribution tables, there are probabilities 

P(0 ≤ Z ≤ z), which represents the value of the area under the curve of probability 

density function f(z) located between the average value, µ = 0 and z. 

 The Beta distribution. It has many shapes, by adjusting the following two 

parameters: a scaling coefficient, and an offset. A beta distribution can range from a 

symmetric, normal distribution to asymmetric one, with a long tail on the positive side.  

 The exponential distribution. It is used to describe the time between events. It 

can be shown that if the number of arrivals can be described by a Poisson distribution, 

the interval between arrivals follows an exponential distribution. 

 However, even the most detailed models cannot ensure the reliability of the 

estimation process and many cases the simulation process is not applied properly. The 

main reasons for this issue are the lack of expertise and the difficulties on collecting 

historical data and in communicating with relevant stakeholders. The literature notes 

the difficulties that affect the ability of practitioners to carry out a project quantitative 

risk analysis. The following provides some of the most relevant difficulties: 

• Determining the proper level of detail for the risk analysis 

• Gathering relevant data to determine the probability distributions. 

• Not all uncertainties can be quantified and be expressed as probabilities. So the 

solution is partly approximate. 

• The interpretation of the probability distribution of the outputs is not always clear 

for the decision makers. 

 In the past, document and information management challenged projects in 

ways that made disciplined, continuous risk management too costly. The investment of 

time and resources to build the model for a Monte Carlo simulation was prohibitive for 

medium and small projects; only large projects could afford the overhead for such an 

undertaking. Today, with electronic information storage and transfer within the project 

as well as outside the project, capturing the data needed to build and simulate project 

risks via a Monte Carlo simulation is considerably less costly and less difficult than 

before. With sophisticated software tools that operate on a desktop, Monte Carlo 

simulation run faster and provide a more comprehensive suite of analysis tools. Now 
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that Monte Carlo simulations are easier and faster to prepare, the benefit of this 

analysis is more readily available for all types of projects. 

 There are numerous software solutions available to model Monte Carlo 

simulation. While Microsoft® Office Excel has proven to be an invaluable tool for minor 

shortcomings, more sophisticated software are used to sort out more complex issues. 

The two most dominant applications in the market are: @Risk® of Palisade 

Corporation which is an add-in program for Microsoft® Office Excel and Project, which 

will be used on the context of this thesis further on, and the Crystal Ball of Oracle®. 
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CHAPTER 4: RISK AND UNCERTAINTY MODELLING USING MONTE 

CARLO SIMULATION AND SENSITIVITY ANALYSIS IN A SHUTDOWN 

PROJECT OF A REFINERY 

 

4.1 INTRODUCTION 

In this chapter, we identify technical risks and actualize the modelling of them that 

possibly emerge in a maintenance project in a refinery. The objective of our study is an 

oil unit (Unit-9900) of a refinery with six equipment types, established timeline and 

budget. At first, a dynamic modelling of the project accomplished using Microsoft® 

Project (further details in the Appendix). Then, technical risks of the project are 

identified and analyzed. Throughout the risk analysis, both qualitative and quantitative 

analysis are applied. More specifically, the risks are quantified thoroughly by Monte 

Carlo simulation as well as Sensitivity analysis, using the program @Risk® of Palisade 

Corporation, in order the future project uncertainties to be confronted.  

 

4.2 PROJECT DESCRIPTION 

Shutdowns are scheduled events where an entire process unit of an industrial plant 

(refinery, petrochemical plant, power plant, etc.) is taken offstream for a period for 

revamp, maintenance and/or renewal. Shutdown is a blanket term that encompasses 

more specific terms such as inspection, testing and maintenance projects and can also 

be used as a synonym of turnaround and outages. Shutdowns are expensive both in 

terms of lost production, while the process unit is offline, and in terms of direct costs for 

the labor, tools, heavy equipment and materials used to execute the project. More 

specifically, this kind of projects in the refineries have the following features: high cost 

(over 40.000.000€), wide range of tasks (over 20.000) in a quite big number of units 

(from 28-40) and equipment (more than 900 items) as well as short performance 

duration (4-5 weeks). Accidents and natural disasters can shutdown a refinery as well. 

Most refineries go through a shutdown every three to five years. Each shutdown 

requires extensive planning and careful coordination of labor and materials. Most often, 

the shutdown happens when production is at its lowest and required skilled labor is 

readily available. As it is easily observed, these specific projects have unique project 

management characteristics that make them volatile and challenging. Afterwards, a 
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short description of the particular unit, which we are going to examine, is presented as 

well as the project scope. 

 The oil unit U-9900 of the refinery performs a smooth thermal pyrolysis. During 

that process, the powered heavy remain (of the fractional distillation mostly) is 

separated in remain of less viscosity and some light products (about 10-20% of the 

power). Due to the fact that the nature of the process includes power with heavy 

products, the equipment needs to be cleaned regularly. The equipment components 

maintained during the stop of the unit are: 

• A Reactor, Tag Number R-9901.  

Images 4.1-2: Catalytic cracking regenerator reactors 

                                       

 

• A Tower, Tag Number T-9901. 

Image 4.3: Refinery towers 

 

 



- 59 - 

 

• A Heater, Tag Number H-9901. 

Image 4.4: Refinery heaters 

 

Images 4.5-6: Refinery heater outlines 

          

 

• Four (4) Vessels – two of them are simple, one of them has a demister and the 

other one has acid resistant lining, Tag Numbers V-9901 to V-9904 

respectively. 
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Images 4.7-8: Refinery vessels 

        

 

• Two (2) Heat Exchangers, Tag Numbers E-9901 and Ε-9902. 

Image 4.9: Straight-tube heat exchanger 

 

• Two (2) Air Coolers, Tag Numbers EA-9901 and EA-9902. 

Images 4.10-11: Refinery air coolers 
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 In addition, during the maintenance stage, repairs will be made to plumbing, as 

well as repairs or cleaning in faucets, securing, etc. items of the unit. For this 

equipment, in general, the following facts apply:  

• The reactor and the tower are internally cleaned by specialized contractors 

and, at the same time, repair of any damages from the equipment inspection is 

being done. 

• In the heater, the boilers are removed, maintained, and re-placed, individual 

equipment is inspected internally and externally of the heater, a mechanical 

decoking on the 4 heater passes is performed, and possible replacement with 

fireproof is made. The process of the mechanical decoking includes the 

removal of coke that has been solidified inside the pass pipes. This solidified 

coke is disrupting the smooth product heating and, for this reason, its removal 

is necessary. 

• The vessels are opened, cleaned, repaired, sand-washed, or painted- if 

needed- and the demister is possibly replaced. 

• On the heat exchangers, the beam is removed, cleaned and replaced, the 

exchanger is cleaned internally and small repairs are made, if necessary. 

• On the air coolers, the turbo tubes are cleaned, inspected for leaks and 

repaired, if necessary. 

• On the plumbing, the lines are cut and replaced, welded and mended etc. 

• On the faucets, securing etc. dismantling, cleaning and re- placing is made. 

 

 For all the above equipment, there is additional work analysis and technical 

procedures that are cited in the Appendix. Additionally, in order to start maintenance 

works for each equipment, the process of the unit suspension must be carried out and 

the equipment be isolated. 

 The company needs (Refinery) are such, that the work must be completed 

within the planned time. So the goal of the work is: a) To be completed to the desired 

timeframe (11d), b) not to exceed the budget of 250,000€. From the modelization of 

the work completed with the help of the Microsoft® Project software, the deterministic 

results that have come up in reference with the duration and the total cost of the work 
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are cited at Image 4.12. We observe that they are in the range of the desired goals of 

the company, we cannot ignore, though, the risks that are included in the work. For this 

reason, we will proceed to a detailed risk analysis of these hazards on the following 

sub-chapters. 

Images 4.12: Project Statistics using  Microsoft® Project 2010 

 

 

Figure 4.1: Flowchart of the project files in Microsoft® Project 

 

 

 

4.3 RISK IDENTIFICATION 

The risk identification is one of the most important processes of risk management. In 

order to achieve further risk identification in the specific project we used info gathering 

techniques in addition to expert judgment. We also studied historical data and further 

research. It must be noted that due to the nature of the project at stake (Shutdown), we 

will focus only on the technical risks. This is a result of the fact that certain project risks 

such as financial gaps, lack of resources, social, legal and political risks have already 

been studied by the company and are out of the scope of this research. 
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 During our risk identification process it was concluded that the most dangerous 

equipment, maintenance wise are of high risk are the distillery Tower (T-9901), the 

Heater (H-9901) and the Reactor (R-9901). As far as the rest of the equipment is 

concerned in addition to the maintenance process, risks were not identified due to the 

fact that these are standard operating procedures and any divergence is easy to be 

assessed and corrected with no serious implication on the project. Furthermore, in this 

research the opportunities that may arise during this project are significantly low, 

mainly referring to time planning. This is a result of the fact that this is a repetitive 

project with a narrow framework and any possibility of gaining any benefits is limited. 

 More specifically, the technical risks that may arise during the maintenance 

procedure of the Tower mainly refer to activity: “Repairs”, of the Table A2: 

“Maintenance activities – Tower (T)” in the Appendix. Once the Tower is cleaned the 

step of the inspection is followed. In that point, the inspectors examine faults and 

imperfections of the Tower that could potentially lead to accident. Thus, during the 

necessary repairs, the most severe dangers that may emerge are: 

• Main need of repairing the internal disks of the tower. 

• Replacement of some disks of the tower. 

• The presence of cracks in the shell of the tower. 

 During the maintenance of the Reactor, the risk that was identified refers to the 

“Catalyst removal” activity, were delays or difficulties in removing it may occur, as a 

result of residues being left in the core of the reactor, which are difficult to be removed 

and are highly dangerous to employees’ health.  

 Concluding risk identification of the project, the most high-risk equipment 

concerns, the Heater. During the cleaning process of the heater, certain procedures 

have to be followed such as decoking, which is removing the coke (rocks) that has 

been solidified within the pipes of the heater. For the removal of the coke, special 

equipment is used, known as pigging unit. The tasks that may be of risk are included in 

the mechanical decoking: “Mechanical decoking – pipes 1 and 2” and “Mechanical 

decoking – pipes 3 and 4”. The technical risks that have been identified are:  

• Task delay 11. or 13. (Heater equipment) due to loads of coke. 

• Pigging unit fault. 

• Clogging, which means pigging unit is working but it cannot move due to 

solidified coke, leading to further delays of the tasks. 
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 The last risk we recognized concerns the task “Repairs” from the maintenance 

works of the Heater. This particular risk emerges in case that the pipes of the oven 

present faults in their lining or the clogging phenomenon appears concerning the cut 

and the replacement parts of the pipes. This procedure comprises of the following 

stages: Measurement of the replacing part, cut of this part with special machinery and 

removal. Then, preparation of the new part is needed, implementation and fitting in the 

existing pipe. Finally, radiography impression takes place in order the welding and the 

second radiography to be examined and the procedure ends up with the sputter stage. 

 From the identified risks, we designed an aggregate table (Table 4.1), known 

also as risk register. Risk register has also a record of information about all identified 

risks and gets even more detailed as we move on the next stages of risk analysis. 

Table 4.1: Risk Register of project “Unit-9900 Shutdown” 

 

Risk 

ID # 

 

Risk 

Description 

 

Risk 

Category 

Probability 

of 

occurrence 

 

Impact 

 

Score 

(Probability*Impact) 

 

Planned 

Responses 

 

1. 

 

Repairing 

internal disks 

 

Tower 

 

25% 

 

 

  

 

2. 

 

Disks 

replacement 

 

Tower 

 

5% 

   

 

3. 

 

Cracks in the 

shell of the 

tower 

 

Tower 

 

10% 

   

 

4. 

 

Catalyst 

removal 

 

Reactor 

 

15% 

   

 

5. 

 

Delays due to 

loads of coke 

 

Heater 

 

30% 

   

 

6. 

 

Pigging unit 

fault 

 

Heater 

 

3% 

   

 

7. 

 

Clogging 

 

Heater 

 

6% 

   

       



- 65 - 

 

8. Cut and 

replacement 

parts of the 

pipes 

Heater 25% 

 

  

4.4 RISK ANALYSIS 

We can divine risk analysis to qualitative and quantitative analysis, with the last one to 

be a subtotal for the first one. As it was already mentioned, the main objective of this 

research is risk analysis to be the main tool that will strive for deeper understanding of 

the potential project problems concerning the Shutdown project of that was described 

earlier. First and foremost, a qualitative analysis of the identified risks will take place 

with main purpose to prioritize them. Secondly, we will procced in a quantitative 

analysis by the use of Monte Carlo simulation with the use of @Risk® of Palisade 

Corporation. By modeling our project with @Risk® and use Monte Carlo simulation 

and Sensitivity analysis, a completed presentation of the results, in order to identify the 

risks and predict their impact, will take place. 

 

4.4.1 Qualitative Analysis 

In order to proceed to our quantitative analysis and the planning of risk responses, an 

Impact Matrix for each identified risk was created (Table 4.2). This way, a qualitative 

attempt to prioritize them based on their risk rating will take place. In this matrix we are 

going to examine project risk according to their impact on the schedule of the project 

(time), the budget (cost), the quality of the project work and its deliverables according 

to the agreed results (quality), the scope and environmental and labor safety, in a first 

base qualitative risk analysis. 

 In order to measure the total Impact of every risk, in terms of its influence on the 

whole project, an Impact index was created based on the influence of these 

characteristics on the project we examine: 

Impact = 35% Time + 30% Cost + 15% Scope + 10% Quality + 10% Safety 
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Table 4.2: Impact matrix for each risk  

 

Risks 

→ 

#1 
Repairing 
internal 
disks  

 

#2 

Disks 

replacement 

 

#3 

Cracks 

in the 

shell of 

the 

tower 

 

#4 

Catalyst 

removal 

 

#5 

Delays 

due to 

loads 

of 

coke 

 

#6 

Pigging 

unit 

fault 

 

#7 

Clog-

ging 

 

#8 

Cut and 

replacement 

parts of the 

pipes 

 

Impact 

 ↓ 

 

Time 

 

5% 

 

22% 

 

6% 

 

30% 

 

8% 

 

35% 

 

30% 

 

50% 

 

Cost 

 

5% 

 

20% 

 

5% 

 

30% 

 

9% 

 

30% 

 

30% 

 

6% 

 

Quality 

 

5% 

 

2% 

 

7% 

 

25% 

 

3% 

 

5% 

 

7% 

 

4% 

 

Scope 

 

2% 

 

10% 

 

2% 

 

25% 

 

9% 

 

10% 

 

15% 

 

10% 

 

Safety 

 

1% 

 

2% 

 

1% 

 

85% 

 

2% 

 

2% 

 

7% 

 

3% 

 

 It is fairly obvious that the two most important parameters are Time and Cost, 

which as already mentioned are vital to our project. Of course, Safety and Scope are 

also included in the equation as they derive from the project per se. Following is the 

update of Risk Register that has to do with the Impact that was calculated. 

Table 4.3: Risk Register update 

 

Risk 

ID # 

 

Risk 

Description 

 

Risk 

Category 

Probability 

of 

occurrence 

 

Impact 

 

Score 

(Probability*Impact) 

 

Planned 

Responses 

 

1. 

 

Repairing 

internal disks 

 

Tower 

 

25% 

 

4.1% 

 

102.5 

 

 

2. 

 

Disks 

replacement 

 

Tower 

 

5% 

 

14.8% 

 

74 

 

 

3. 

 

Cracks in the 

shell of the 

tower 

 

Tower 

 

10% 

 

4.3% 

 

43 
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4. 

 

Catalyst 

removal 

 

Reactor 

 

15% 

 

34.3% 

 

514.5 

 

 

5. 

 

Delays due to 

loads of coke 

 

Heater 

 

30% 

 

7.2% 

 

216 

 

 

6. 

 

Pigging unit 

fault 

 

Heater 

 

3% 

 

23.4% 

 

70.2 

 

 

7. 

 

Clogging 

 

Heater 

 

6% 

 

21.5% 

 

129 

 

 

8. 

 

Cut and 

replacement 

parts of the 

pipes 

 

Heater 

 

25% 

 

21.6% 

 

540 

 

  

 

 Having classified all the possible risks in Table 4.2 and Table 4.3, the 

classification in Table 4.4 can be conducted, according to the possibility of risk 

occurrence in conjunction with the overall impact on the project.  

 

 Following the qualitative analysis and the above tables, it is made possible to 

prioritize the identified risks, understand their impact and importance to our project. 

Also, after examining the possible task-specific risks identified in the process, we can 

conclude in a task hierarchy, based on levels of hazard: 

1. “Repairs” (Heater) 

2. “Catalyst removal” (Reactor) 

3. a) “Mechanical decoking 1 and 2” (Heater) 

b) “Mechanical decoking 3 and 4” (Heater) 

4. “Repairs” (Tower) 
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Table 4.4: Probability and Impact Matrix 

 

Impact → 

 

 

Very Low 

(0-5%) 

 

 

Low  

(6-10%) 

 

 

Medium 

(11-20%) 

 

 

High  

(21-40%) 

 

 

Very High 

(41-100%) 

 

Probability 

↓ 

 

0-5% 

 

 

6-10% 

 

 

11-20% 

 

 

21-40% 

 

 

40+% 

 

 

  

4.4.2 Quantitative Analysis using @Risk® software 

Having completed the qualitative analysis of the project risks, and classified those so 

that the most important ones are pointed out, we shall proceed in conducting the 

quantitative analysis. This will be drawn along the lines of the Monte Carlo simulation, 

using @Risk® software of Palisade Corporation. Nobody can predict the future with 

great certainty, yet Monte Carlos’ probabilistic method is capable of delivering the most 

reliable results, providing it is given the right input data. The risk quantification we are 

going to conduct is modeling the risks in relation to impact on the time framework and 

the cost of the project and more specifically in relation to the tasks of the project which 

have been identified as hazardous. At this point it must be noted that in the Appendix 

there is detailed information about the project being studied, modeled through 

Microsoft® Project (WBS, tasks, resources, etc.) software. 
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Build the model 

In order to run Monte Carlo simulation, we have to build a model for our project in 

@Risk® software. The model created contains two tables. One refers to time 

scheduling, with relative tasks and activities that may affect it, while the other refers to 

the calculation of the total cost of those tasks and consequently the project as a whole. 

Also, within the model there are data referring to time and economic targets of the 

project, as well as forecasts for those targets (probabilistic data).  

 It shall be reminded here that the targets set by the company for this specific 

project are: 

• Duration 11 days 

• Budget 250.000€ 

 

Table 4.5: Project targets as shown in @Risk® Model 

Completion (deterministic): 10 Days 

Project Completion deadline: 11 Days 

Total cost (deterministic): 212.953,34 € 

Max budget: 250.000,00 € 

 

 More specifically, the Table referring to time scheduling contains the tasks of 

the project that affect or may affect the scheduling and the dependencies between the 

tasks. Based on the way the project has been modeled, all the dependencies are 

Finish – Start. Also, for every activity in the table there are Start and Finish time data 

available. The general sequence of tasks is the following: The project starts with the 

tasks mentioned in the Task Summary - STOP PROCESSES (UNIT). Following are the 

tasks in the tower, the reactor and the heater, which are conducted simultaneously. 

When the last task of the three equipment finishes we are led to the final working cycle 

of the unit, named START PROCESSES (UNIT). As already mentioned above, the 

tasks in the Vessels, Air-coolers and Heat exchangers do not contain any technical 

hazards and may not have any effect on the time scheduling process or the cost of the 

project, hence they are omitted from the specific table. Also, due to the project 

requirements and the fact that the interruption of the normal operation of the factory 

has to be kept to a minimum, the tasks will be carried out 7 days / week. Respectively, 

the budgeted costs of all those tasks are displayed in the cost table (and those that are 

omitted in the first table). 
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Define Inputs and Distributions 

Highly significant are the tasks that contain the hazards identified earlier, the five 

activities (displayed in red color in the table), the results of which are evaluated as 

uncertain in relation to both implementation time and cost. Those five tasks will be the 

Inputs during the simulation in @Risk® software and the results will be defined based 

on continue stochastic variables and more specifically Triangular Distribution.  

 

Figure 4.2: Probability distribution of “Catalyst removal” at @Risk® 

 

  

 This specific distribution was chosen as a result of a combination of the 

projects’ historical data research, expert’s advice and personal research and judgment. 

For all the uncertain tasks we have defined an optimistic, a most likely and a 

pessimistic duration, the values of which depict the risk impact. The cost of the specific 

tasks is directly related to their duration and is calculated in the respective table. 

Following are the tables created through @Risk® software model. 
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Table 4.6: Time – Scheduling Model using @Risk® 

 

 

 

 

 

 

 

Activity Activity Pred. o m l p Start Time

Activity Time 

(triangular)

Finish 

time

STOP PROCESSES (UNIT) A - 3 3 3 0 3 3

OPENING OF EQUIPMENT (TOWER) B A 1,5 1,5 1,5 3 1,5 4,5

CHECKED AND POSSIBLE REPAIRS 

( TOWER) C B

Cleaning services C1 B 1,4 1,4 1,4 4,5 1,4 5,9

Inspection C2 C1 0,42 0,42 0,42 5,9 0,42 6,32

Repairs C3 C2 0,3 0,33 0,6 6,32 0,33 6,65

Floors inspection #1 - #35 C4 C3 0,7 0,7 0,7 6,65 0,7 7,35

Leak test C5 C4 0,15 0,15 0,15 7,35 0,15 7,5

CLOSURE OF EQUIPMENT (TOWER) D C5 1 1 1 7,5 1 8,5

OPENING OF EQUIPMENT (REACTOR) E A 2,5 2,5 2,5 3 2,5 5,5

CHECKED AND POSSIBLE REPAIRS 

(REACTOR) F E

Catalyst removal F1 E 0,22 0,25 1,15 5,5 0,25 5,75

Cleaning services F2 F1 0,42 0,42 0,42 5,75 0,42 6,17

Cleaning inspection F3 F2 0,083 0,083 0,083 6,17 0,083 6,253

Loading of catalyst F4 F3 0,25 0,25 0,25 6,253 0,25 6,503

CLOSURE OF EQUIPMENT (REACTOR) G F4 1,3 1,3 1,3 6,503 1,3 7,803

MECHANICAL DECOKING (HEATER) H A

    Mechanical decoking pipes 1 and 2 H1 A 0,675 0,75 1,3 3 0,75 3,75

Disconnection/Connection of equipment H2 H1 0,083 0,083 0,083 3,75 0,083 3,833

    Mechanical decoking pipes 3 and 4 H3 H2 0,675 0,75 1,3 3,833 0,75 4,583

  Equipment removal of mechanical 

decoking H4 H3 0,675 0,25 0,25 4,583 0,25 4,833

CHECKED AND POSSIBLE REPAIRS 

(HEATER) I H4

Internal lighting placement I1 H4 0,083 0,083 0,083 4,833 0,083 4,916

Scaffold internal placement I2 I1 0,083 0,083 0,083 4,916 0,083 4,999

Lumens inspection I3 I2 0,33 0,33 0,33 4,999 0,33 5,329

Repairs I4 I3 0,45 0,5 2 5,329 0,5 5,829

Repairs inspection I5 I4 1,083 1,083 1,083 5,829 1,083 6,912

CLOSURE OF EQUIPMENT (HEATER) J I5 1 1 1 6,912 1 7,912

START PROCESSES (UNIT) K D, G, J 1,5 1,5 1,5 8,5 1,5 10

Duration estimate
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Table 4.7: Time – Scheduling Model using @Risk® with random values for uncertain 

inputs 

 

 

 

 

 

 

 

Activity Activity Pred. o m l p Start Time

Activity Time 

(triangular)

Finish 

time

STOP PROCESSES (UNIT) A - 3 3 3 0 3 3

OPENING OF EQUIPMENT (TOWER) B A 1,5 1,5 1,5 3 1,5 4,5

CHECKED AND POSSIBLE REPAIRS 

( TOWER) C B

Cleaning services C1 B 1,4 1,4 1,4 4,5 1,4 5,9

Inspection C2 C1 0,42 0,42 0,42 5,9 0,42 6,32

Repairs C3 C2 0,3 0,33 0,6 6,32 0,357398663 6,6774

Floors inspection #1 - #35 C4 C3 0,7 0,7 0,7 6,677399 0,7 7,3774

Leak test C5 C4 0,15 0,15 0,15 7,377399 0,15 7,5274

CLOSURE OF EQUIPMENT (TOWER) D C5 1 1 1 7,527399 1 8,5274

OPENING OF EQUIPMENT (REACTOR) E A 2,5 2,5 2,5 3 2,5 5,5

CHECKED AND POSSIBLE REPAIRS 

(REACTOR) F E

Catalyst removal F1 E 0,22 0,25 1,15 5,5 0,640190569 6,14019

Cleaning services F2 F1 0,42 0,42 0,42 6,140191 0,42 6,56019

Cleaning inspection F3 F2 0,083 0,083 0,083 6,560191 0,083 6,64319

Loading of catalyst F4 F3 0,25 0,25 0,25 6,643191 0,25 6,89319

CLOSURE OF EQUIPMENT (REACTOR) G F4 1,3 1,3 1,3 6,893191 1,3 8,19319

MECHANICAL DECOKING (HEATER) H A

    Mechanical decoking pipes 1 and 2 H1 A 0,675 0,75 1,3 3 0,801211717 3,80121

Disconnection/Connection of equipment H2 H1 0,083 0,083 0,083 3,801212 0,083 3,88421

    Mechanical decoking pipes 3 and 4 H3 H2 0,675 0,75 1,3 3,884212 0,960010329 4,84422

  Equipment removal of mechanical 

decoking H4 H3 0,675 0,25 0,25 4,844222 0,25 5,09422

CHECKED AND POSSIBLE REPAIRS 

(HEATER) I H4

Internal lighting placement I1 H4 0,083 0,083 0,083 5,094222 0,083 5,17722

Scaffold internal placement I2 I1 0,083 0,083 0,083 5,177222 0,083 5,26022

Lumens inspection I3 I2 0,33 0,33 0,33 5,260222 0,33 5,59022

Repairs I4 I3 0,45 0,5 2 5,590222 1,477279234 7,0675

Repairs inspection I5 I4 1,083 1,083 1,083 7,067501 1,083 8,1505

CLOSURE OF EQUIPMENT (HEATER) J I5 1 1 1 8,150501 1 9,1505

START PROCESSES (UNIT) K D, G, J 1,5 1,5 1,5 9,150501 1,5 10,6505

Duration estimate
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Table 4.8: Cost modeling using @Risk®   

 

 

 

Activity Plnd Cost Cost/day Estim Cost

STOP PROCESSES (UNIT) 9.150,00 €      

OPENING OF EQUIPMENT (TOWER) 500,00 €          

CHECKED AND POSSIBLE REPAIRS 

( TOWER)

Cleaning services 12.000,00 €    

Inspection 280,00 €          

Repairs 18.181,82 € 6.000,00 €    

Floors inspection #1 - #35 280,00 €          

Leak test 6.000,00 €      

CLOSURE OF EQUIPMENT (TOWER) 600,00 €          

OPENING OF EQUIPMENT (REACTOR) 2.316,67 €      

CHECKED AND POSSIBLE REPAIRS 

(REACTOR)

Catalyst removal 32.000,00 € 8.000,00 €    

Cleaning services 16.000,00 €    

Cleaning inspection 280,00 €          

Loading of catalyst 8.000,00 €      

CLOSURE OF EQUIPMENT (REACTOR) 866,67 €          

MECHANICAL DECOKING (HEATER)

    Mechanical decoking pipes 1 and 2 42.666,67 € 32.000,00 € 

Disconnection/Connection of equipment 2.000,00 €      

    Mechanical decoking pipes 3 and 4 42.666,67 € 32.000,00 € 

  Equipment removal of mechanical 

decoking 2.000,00 €      

CHECKED AND POSSIBLE REPAIRS 

(HEATER)

Internal lighting placement 110,00 €          

Scaffold internal placement 2.000,00 €      

Lumens inspection 760,00 €          

Repairs 3.600,00 €    1.800,00 €    

Repairs inspection 280,00 €          

CLOSURE OF EQUIPMENT (HEATER) 2.300,00 €      

START PROCESSES (UNIT) 9.650,00 €      

TOTAL: 75.373,34 €    79.800,00 € 

VESSELS: 24.800,00 €    

HEAT 

EXCHANGERS: 21.760,00 €    

AIRCOOLERS: 11.220,00 €    

Total Cost: 212.953,34 €  
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Define Outputs 

Moreover, Outputs were also defined in the model created. Outputs are significant 

parameters that we are interested in and they constitute the forecast values that derive 

from @Risk®. With regards to our project they are “Project Completion” and “Total 

Cost”. This way the model is essentially completed. Before the simulation is run in the 

software, there are two settings that must be changed. The former is in the Simulation 

settings, the Sampling Type must be Monte Carlo Simulation instead of Latin 

Hypercube, the default setting of @Risk® software. The latter regards the amount of 

repetitions the simulation will run. The general rule is that the more repetitions we 

choose the more accurate the result will be. The only negative aspect of conducting too 

many repetitions is that they require more computing time which may be problematic in 

very complex models. The most common amount of repetitions is between 1000 – 

5000. Thus, we have chosen 5000 for our project. 

Run Simulation and Result Analysis 

Based on the original estimation of our project, the critical path, namely the total 

duration of the project depends upon the STOP PROCESSES (UNIT) – Maintenance 

works in the Tower equipment – START PROCESSES (UNIT) (3d+ 5,5d + 1,5d = 10d). 

After the risk analysis was conducted and the uncertainty that developed in specific 

tasks, the total duration as well as the critical path is very likely to change. For 

example, in the occasion that the duration of the “Catalyst Removal” task is longer than 

0,95d (duration from 0,25d to 1,15d) the Reactor tasks will take longer than 5,5d. This, 

in conjunction with the changes that will keep the rest of the tasks within the 

predesigned framework, will change the Critical Path and consequently increase the 

total duration forecast of the project. 

 Having run the simulation, the significant point of analysis and interpretation of 

the results was reached. @Risk® software contains a vast amount of choices, 

diagrams and techniques and for this the reason we chose to present some of them in 

our analysis. At this point, before we present our simulation findings, we shall 

emphasize that the results drawn from Monte Carlo Simulation are not defined by 

certain values, yet they are possibilities allocation, which are interpreted according to 

the current needs and limitations. 

 Initially, three possibility diagrams are presented referring to the uncertain 

inputs we set. The differences observed having run the simulation are minor (almost 

negligible) in relation to the original allocations we set. The original allocations are 
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presented in blue whereas the allocations after the simulation are in dark red. On the 

right side of the screen, @Risk® software shows some very useful information such as 

minimum and maximum values, mean, standard deviation etc. 

 Figure 4.3 shows that there is only 10,7% possibility of the Repairs task in the 

distillery tower to be completed within the required timeframe (Duration=0,33d). 

Consequently, due to the fact that it is within the critical path, there is 89,3% possibility 

the whole project will be delayed (further processing our analysis and taking into 

account all the uncertainties in the given tasks it becomes apparent that the value is 

even greater). 

 

Figure 4.3: Probability distribution of “Repairs” (Tower) at @Risk® after and before 

simulation 

 

 

 Additionally, Figure 4.4 depicts that the “Catalyst Removal” task, a maintenance 

task of the Reactor, shows 96% (91,5% + 4,5%) delay possibilities, yet only 4,5% 

possibilities of having a negative effect on the duration of the project as a whole. Figure 

4.5 shows another capability of @Risk® software, presenting the mean diagram ± 1 

standard deviations. Regarding the “Mechanical decoking pipes 1 and 2” task, the 

value is 64,6%. 
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Figure 4.4: Probability distribution of “Catalyst removal” after and before simulation 

 

 

Figure 4.5: Probability distribution of “Mechanical decoking pipes 1 and 2” after and 

before simulation 

 

 

 Moreover, selected diagrams are portrayed that refer to the Outputs set in the 

@Risk® model, the values of which are significant for the “Project Completion” and 

“Total Cost” of the project. Figure 4.6 shows the probability density of “Project 

Completion”. From the selected diagram it is made obvious that the probability of the 

project being completed within the forecasted 10 day timeframe is only 4,1%. In the 

right side of the diagram there is interesting information on the minimum project 

duration (min duration=9,97d), maximum project duration, very likely to be true (max 

duration=11,5d), etc. The diagram in Figure 4.7 shows the cumulative ascending 

probability for “Project Completion”. The probability of the project duration being 
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between 10 to 11 days is very high, be it 92,2%, while there is a slight probability of the 

project being further delayed than the 11 day deadline set by the company. Relative 

frequency of “Project Completion” is depicted in Figure 4.8, with intend to show that 

although it is almost certain that the project will exceed the 10 day duration, there are 

50% chances it will be delayed only 0.2d (e.g. 4hr 48min). 

 

Figure 4.6: Probability density of “Project completion” 

 

 

Figure 4.7: Cumulative ascending probability of “Project completion” 
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Figure 4.8: Relative frequency of “Project completion” 

 

 In Figure 4.9, the probability density graph of “Total Cost” output shows the 

following Monte Carlo simulation results:  

• There are significant chances, be it 83.4%, the project to be within the planned 

budget.  

• There are 16.6% chances the project will overcome the planned budget.  

• There is a possibility, yet a slight chance of 0.1% the cost of the project to be 

less than the planned budget.  

Figure 4.9: Probability density graph of “Total cost” 

 

 Further processing and analyzing our data using @Risk® software, the 

Sensitivity Analysis of Outputs “Project Completion” and “Total Cost” become apparent, 

the graphs of which will follow. Figure 4.10 shows a Tornado diagram of “Project 

Completion” which makes fairly obvious that “Repair” task in the Heater is causing 

significant delays to the project. Following, the “Mechanical Decoking” tasks also add to 
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the delays with almost identical effects since they are very similar. A spider graph in 

Figure 4.11 referring to “Project Completion” provides lines (or curves) that show the 

changes in mean of “Project Completion” as each input varies. Again, the “Repairs” of 

Heater has the largest impact on the project’s duration because its line is the steepest. 

 

Figure 4.10: Tornado diagram of “Project completion” 

 

 

Figure 4.11: Spider graph of “Project completion” 

 

 The Tornado diagrams and Spider graphs shown in Figures 4.12 and 4.13 

respectively refer to the total cost of the project. In the diagrams, it becomes apparent 

that there are different results depending on the tasks that affect the duration of the 
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project. The task with the greater impact on the project’s cost is the “Catalyst Removal” 

which is also the task with the least impact on the project’s duration, whereas the exact 

opposite is observed for the “Repairs” task of the Heater. Once again, second in impact 

level come the “Mechanical Decoking” tasks, this time with marginal difference. 

 

Figure 4.12: Tornado diagram of “Total cost” 

 

 

Figure 4.13: Spider graph of “Total cost”

” 

 The three graphs that follow demonstrate the relation between the most 

important tasks and the Outputs (Outputs vs Key Inputs) set and the extent to which 

they are affected, based on three scenarios; when all iterations are run, at 0 – 10% of 
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the inputs allocation and finally at 90 – 100% of the allocation. Comparing Figures 4.14 

and 4.15 the greater upward trend in the values dispersion for “Repairs” is fairly 

obvious, which is mainly responsible for the duration of the project. 

 

Figure 4.14: Scatter plot “Project completion” vs “Repairs (Heater)” 

 

 

Figure 4.15: Scatter plot “Project completion” vs “Mechanical decoking” 

 

  

 Figure 4.16 is a scatter plot showing the correlation between “Total Cost” and 

the key input that has the greatest impact on the “Catalyst Removal”. Again, a positive 

correlation is apparent and as input values increase so does the total cost of the 

project.     
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Figure 4.16: Scatter plot “Total cost” vs “Catalyst removal” 

 

  

 To conclude the analysis of the results drawn from the Monte Carlo simulation, 

the following concentrated Tables by @Risk® software are presented below. All the 

analyzed data are shown in groups, making it easier to present and interpret them as 

well as obtain useful information about the project. 

 

Table 4.9: Summary input results 
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Table 4.10: Summary output results 

 

 

Table 4.11: Detailed statistics of project “Unit-9900 Shutdown” 

 

 

 

 

@RISK Detailed Statistics
Performed By: Anastasis
Date: Πέµπτη, 9 Ιούλιος 2015 7:53:59 µµ

Name  Project Completion (days)Project total days Total cost Repairs (T) Catalyst removal (R) Mechanical decoking pipes 1 and 2 (H)Mechanical decoking pipes 3 and 4 (H)Repairs (H)

Description  Output Output Output RiskTriang(E10;F10;G10;RiskName("Repairs (T)");RiskStatic(F10))RiskTriang(E16;F16;G16;RiskName("Catalyst removal (R)");RiskStatic(F16))RiskTriang(E22;F22;G22;RiskName("Mechanical decoking pipes 1 and 2 (H)");RiskStatic(F22))RiskTriang(E24;F24;G24;RiskName("Mechanical decoking pipes 3 and 4 (H)");RiskStatic(F24))RiskTriang(E30;F30;G30;RiskName("Repairs (H)");RiskStatic(F30))

Cell  Sheet1!J40 Sheet1!J41 Sheet1!J42 Sheet1!I10 Sheet1!I16 Sheet1!I22 Sheet1!I24 Sheet1!I30

Minimum 9,970749 19,76181 210.388,08 €          0,3007489 0,2220218 0,6781437 0,6795307 0,4533705

Maximum 11,50548 22,57097 279.555,34 €          0,5966653 1,146719 1,292148 1,294585 1,983551

Mean 10,31619 20,87906 238.849,85 €          0,4094496 0,5375885 0,9062905 0,9105996 0,9801371

Std Deviation 0,301983 0,4631082 10.894,78 €            0,06786278 0,2169962 0,1369543 0,1409719 0,3591605

Variance 0,09119371 0,2144692 118696300 0,004605357 0,04708736 0,01875649 0,01987308 0,1289963

Skewness 1,179947 0,3343492 0,3353436 0,5372657 0,5534903 0,5325029 0,520574 0,5703068

Kurtosis 3,705908 2,800904 2,852718 2,381023 2,373279 2,426213 2,394958 2,408014

Errors 0 0 0 0 0 0 0 0

Mode 10,06213 20,94087 234.817,60 €          0,3338438 0,2602764 0,7947477 0,7873573 0,759418

5% Perc 10,00316 20,16691 222.170,07 €          0,3208507 0,2538798 0,7230923 0,722298 0,5116978

10% Perc 10,02585 20,29534 225.039,02 €          0,328983 0,2773204 0,7436445 0,741389 0,5537563

15% Perc 10,04804 20,39385 227.397,54 €          0,3358241 0,3001886 0,7584466 0,7578998 0,5922035

20% Perc 10,06678 20,46705 229.256,28 €          0,3438455 0,3294928 0,7770164 0,7748194 0,6353989

25% Perc 10,08739 20,53412 231.077,53 €          0,3518506 0,3522919 0,7936172 0,7919405 0,6792867

30% Perc 10,10881 20,60022 232.457,78 €          0,3603556 0,378647 0,8095748 0,8115377 0,7192551

35% Perc 10,12954 20,66592 233.865,23 €          0,3701323 0,4093083 0,8273122 0,8300903 0,7615763

40% Perc 10,1511 20,72742 235.189,66 €          0,3790955 0,4380858 0,844331 0,8490988 0,8107679

45% Perc 10,17502 20,78919 236.751,06 €          0,3879858 0,4668858 0,8657082 0,8681552 0,8637325

50% Perc 10,20011 20,84832 238.047,09 €          0,3969717 0,4976774 0,8849709 0,8891222 0,9171312

55% Perc 10,2313 20,90392 239.535,83 €          0,4082509 0,5364325 0,9055464 0,9110255 0,9720704

60% Perc 10,27746 20,97256 241.158,05 €          0,4191956 0,5708731 0,9262587 0,9328386 1,028035

65% Perc 10,3447 21,04241 242.585,96 €          0,4322506 0,6077622 0,9500782 0,9571536 1,09474

70% Perc 10,41426 21,11193 244.317,40 €          0,4456908 0,6478419 0,9758579 0,9838338 1,169544

75% Perc 10,49504 21,19123 246.210,35 €          0,4585673 0,6910584 1,005007 1,009181 1,236527

80% Perc 10,57317 21,27813 248.255,60 €          0,4725435 0,7429266 1,03272 1,041621 1,31588

85% Perc 10,67189 21,38063 250.530,63 €          0,48851 0,798695 1,065074 1,077114 1,403224

90% Perc 10,7783 21,50508 253.444,26 €          0,5106426 0,8547204 1,108934 1,117592 1,51121

95% Perc 10,93524 21,68288 257.601,26 €          0,5348673 0,9369394 1,16258 1,17196 1,649042
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CHAPTER 5: CONCLUSION 

 

The applied (practical) part of the study entailed the identification and analysis of the 

risks found in a real mechanical maintenance process (shutdown) in a refinery unit. 

Making use of Monte Carlo simulation, we achieved thorough quantitative analysis of 

the project technical risks. The study showed that the simulation outputs varied 

depending on the different sources of uncertainties in the input variables.  Moreover, 

the sensitivity analysis presented earlier revealed the most influential input parameters 

for the variations in the former. 

 The targets set by the company were very clear: 

• Project completion within 11 days at the latest. 

• Budget 250.000€. 

 Initially, a hierarchical decomposition of the tasks was conducted and then 

using Microsoft® Project we created a model which gave us the deterministic data, 

necessary for the rest of the project. These data showed results within the framework 

(Duration = 10d, Total cost = 212.953,34€), yet we failed to take into account the 

uncertainty levels of the data and the risks that may emerge during the project. 

 Therefore, risk identification followed using info gathering techniques in 

conjunction with expert judgments and historical data so that we could identify all the 

necessary risks involved in the project. This showed the most hazardous tasks, those 

of high risk, which were then classified according to their level of risk using qualitative 

analysis. 

 Further qualitative analysis was conducted using Monte Carlo simulation by 

@Risk® software by Palisade Corporation. Very important data were gathered from 

this analysis regarding the impact of the risks on the total duration and cost of the 

project. With respect to the duration of the project there was no significant reason for 

concern as the possibility of the project taking longer than 11days that was the 

company’s target, was insignificant, be it 3,7%. However, through the deterministic 

analysis it was observed to be almost certain that the risks within the tasks of the 

project would cause delays beyond the 10 day margin. Insofar as the total cost of the 

project is concerned, the possibility of overcoming the planned budget for the specific 

project was greater than 16,6%.   
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 Therefore, in order to be in a position to avoid any deviation from the targets, 

we conducted a Sensitive analysis. This helped us identify the key variables with direct 

impact on the project cost and duration and overall helped us determine the risks with 

the highest potential impact on the project. Also a contradictory fact that became 

apparent through this analysis is that the “Repairs” of Heater task has the greatest 

impact on the projects’ duration and the least impact on the projects’ cost, while exactly 

the opposite occurs in the “Catalyst removal” task in the Reactor. Also in relation to the 

time framework it became apparent that the task “Repairs”-(H) is highly significant 

compared to the rest of them, whereas in relation to the total cost there was a more 

balanced condition with “Mechanical Decoking” tasks being equally effective with 

“Catalyst Removing” task. Nevertheless, none of the uncertain tasks individually can 

have a significant effect on the projects’ targets, unless combined with one or more of 

the rest. This stresses the importance of risk - response measures that need to be 

taken, regarding all the tasks identified that entailed technical risks. 

 In conclusion, it is of great importance to emphasize on the differences that 

became apparent between the qualitative and quantitative analysis that was 

conducted, with the former depicting a more subjective hierarchy of the tasks and the 

latter a more scientific and numerically robust and in-depth approach.  
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APPENDIX 

 

“Shutdown Unit U-9900” project modelling, using Microsoft® Project 2010. 

 

Table A1: Stop/start unit activities (MP) 

No Task Name Type Duration Predecessors 

1. STOP PROCESSES Fixed Duration   

2. Power reduction Fixed Duration 5h  

3. Wash with gasoil Fixed Duration 10h 2FS 

4. Equipment steaming Fixed Duration 12h 3FS 

5. Stopping of steaming Fixed Duration 1h 4FS 

6. Draining / cooling Fixed Duration 2h 5FS 

7. Curves spin for decoking Fixed Duration 4h 6FS 

8. Installing unit prerequisites Fixed Duration 4h 6FS 

9. Installing equipment prerequisites Fixed Duration 0h 8FS 

10. Wash A-9901 and T-9901 Fixed Duration 10h 8FS 

11. START PROCESSES Fixed Duration   

12. Removing equipment prerequisites Fixed Duration 0h 

R_21FS, T_19FS, 

H_34FS, V1_13FS, 

V2_13FS, V3_14FS, 

V4_14FS, E_22FS, 

EA_7FS 

13. Removing unit prerequisites Fixed Duration 4h 12FS 

14. Tightness test and pressing Fixed Duration 8h 13FS 

15. Recirculation with diesel Fixed Duration 6h 14FS 

16. Power increase Fixed Duration 24h 15FS 

 

Table A2: Maintenance activities – Tower (T) 

No Task Name Type Duration Predecessors 

1. PREPARATORY ACTIVITIES Fixed Duration   

2. Portable lighting placement Fixed Duration 1h  

3. Scaffold placement Fixed Duration 6h 2SS 

4. Installing equipment prerequisites Fixed Duration 2h MP_9FS, 3FS 

5. OPENING OF EQUIPMENT Fixed Duration   

6. Opening of external doors Fixed Duration 4h MP_10FS 

7. Ventilation Fixed Duration 12h 6FS 

8. Opening of internal doors Fixed Duration 6h 7FS 

9. CHECKED AND POSSIBLE REPAIRS Fixed Duration   

10. Cleaning services Fixed Duration 24h 8FS 

11. Inspection Fixed Duration 4h 10FS 

12. Repairs Fixed Duration 8h 11FS 

13. Floors inspection #1 - #12 Fixed Duration 2h 12FS 

14. Floors inspection #13 - #35 Fixed Duration 2h 12FS 

15. Leak test Fixed Duration 4h 13FS, 14FS 

16. CLOSURE OF EQUIPMENT Fixed Duration   

17. Closure of internal doors Fixed Duration 6h 15FS 

18. Closure of external doors Fixed Duration 4h 17FS 
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19. Removing unit prerequisites Fixed Duration 2h 18FS 

20. CONCLUDING ACTIVITIES Fixed Duration   

21. Scaffold removal Fixed Duration 4h 19FS 

22. Portable lighting removal Fixed Duration 1h 21FS 

 

Table A3: Maintenance activities – Reactor (R) 

No Task Name Type Duration Predecessors 

1. PREPARATORY ACTIVITIES Fixed Duration   

2. Portable lighting placement Fixed Duration 1h  

3. Scaffold placement Fixed Duration 6h 2SS 

4. Installing equipment prerequisites Fixed Duration 2h MP_9FS, 3FS 

5. OPENING OF EQUIPMENT Fixed Duration   

6. Distributor removal Fixed Duration 2h MP_9FS 

7. Opening of external doors Fixed Duration 4h MP_10FS 

8. Ventilation Fixed Duration 12h 7FS 

9. Machineries removal Fixed Duration 3h 8FS+75% 

10. Opening of internal doors Fixed Duration 6h 8FS, 9FS 

11. CHECKED AND POSSIBLE REPAIRS Fixed Duration   

12. Catalyst removal Fixed Duration 6h 10FS 

13. Cleaning services Fixed Duration 10h 12FS 

14. Cleaning inspection Fixed Duration 2h 13FS 

15. Repairs Fixed Duration 6h 13SS+25% 

16. Repairs inspection Fixed Duration 2h 15FS 

17. Loading of catalyst Fixed Duration 6h 13FS, 16FS 

18. CLOSURE OF EQUIPMENT Fixed Duration   

19. Machineries placement Fixed Duration 3h 17FS 

20. Closure of internal doors Fixed Duration 5h 19FS 

21. Closure of external doors Fixed Duration 4h 20FS 

22. Distributor placement Fixed Duration 2h 20FS 

23. Removing unit prerequisites Fixed Duration 2h 22FS 

24. CONCLUDING ACTIVITIES Fixed Duration   

25. Scaffold removal Fixed Duration 4h 23FS 

26. Portable lighting removal Fixed Duration 1h 25FS 

 

Table A4: Maintenance activities – Heater (H) 

No Task Name Type Duration Predecessors 

1. PREPARATORY ACTIVITIES Fixed Duration   

2. Portable lighting placement Fixed Duration 4h  

3. Scaffold placement Fixed Duration 12h 2SS 

4. Insulation removal  Fixed Duration 2h 3FS 

5. DECOKING ACTIVITIES Fixed Duration   

6. 
Electrical power supply for mechanical 

decoking 
Fixed Duration 1h 2FS+1d 

7. 
Contractors establishment for mechanical 

decoking 
Fixed Duration 7h 6FS 

8. Thermowells removal Fixed Duration 2h 4FS 

9. 
Connection of equipment for mechanical 

decoking 
Fixed Duration 1h MP_10FS, 7FS 

10. MECHANICAL DECOKING Fixed Duration   

11. Mechanical decoking – pipes 1 and 2 Fixed Duration 18h 8FS, 9FS 

12. Disconnection/Connection of equipment Fixed Duration 2h 11FS 
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13. Mechanical decoking – pipes 3 and 4 Fixed Duration 18h 12FS 

14. Equipment removal of mechanical decoking Fixed Duration 6h 13FS 

15. OPENING OF EQUIPMENT Fixed Duration   

16. Doors opening Fixed Duration 4h MP_10FS 

17. CHECKED AND POSSIBLE REPAIRS Fixed Duration   

18. Boxes opening for revelation of the pipes Fixed Duration 6h MP_10FS 

19. Burners dislocations Fixed Duration 2h 13FS, 16FS 

20. Burners maintenance Fixed Duration 16h 19FS 

21. Internal lighting placement Fixed Duration 1h 13FS, 16FS 

22. Scaffold internal placement Fixed Duration 2h 21FS 

23. Lumens inspection Fixed Duration 8h 18FS, 22FS 

24. Pipes inspection Fixed Duration 4h 22FS 

25. Repairs Fixed Duration 12h 23FS, 24FS 

26. Repairs inspection Fixed Duration 2h 25FS 

27. CLOSURE OF EQUIPMENT Fixed Duration   

28. Thermowells placement Fixed Duration 4h 14FS 

29. Internal scaffolds removal Fixed Duration 2h 26FS 

30. Burners fitting Fixed Duration 2h 20FS 

31. Boxes closure Fixed Duration 4h 26FS 

32. Doors closure Fixed Duration 4h 
28FS, 29FS, 30FS, 

31FS 

33. Removing unit prerequisites Fixed Duration 4h 32FS 

34. Removing unit prerequisites Fixed Duration 4h 14FS, 28FS, 33SS 

35. CONCLUDING ACTIVITIES Fixed Duration   

36. Insulation restoration Fixed Duration 2h 32FS 

37. Scaffold removal Fixed Duration 8h 33FS, 34FS, 36FS 

38. Portable lighting removal Fixed Duration 2h 37FS 

 

Table A5: Maintenance activities – Heat Exchangers (E) 

No Task Name Type Duration Predecessors 

1. PREPARATORY ACTIVITIES Fixed Duration   

2. Portable lighting placement Fixed Duration 1h  

3. Scaffold placement Fixed Duration 4h 2SS 

4. Insulation removal  Fixed Duration 4h 3FS 

5. Installing equipment prerequisites Fixed Duration 4h MP_10FS, 4FS 

6. Heat exchanger dislocation Fixed Duration 16h 5FS 

7. BUNDLE ACTIVITIES Fixed Duration   

8. Bundle extraction Fixed Duration 3h 6FS 

9. Bundle transportation Fixed Duration 1h 8FS 

10. Cleaning services Fixed Duration 12h 9FS 

11. Bundle inspection Fixed Duration 1h 10FS 

12. Bundle return Fixed Duration 1h 11FS 

13. Bundle restoration Fixed Duration 4h 12FS 

14. EQUIPMENT’S FITTING, CLEANING SERVICES Fixed Duration   

15. Cleaning services Fixed Duration 2h 8FS 

16. Casing inspection Fixed Duration 1h 15FS 

17. Equipment’s fitting Fixed Duration 2h 13FS, 16FS 

18. HYDRAULIC TEST Fixed Duration   

19. H.D. Tube side Fixed Duration 3h 17FS 

20. Exchanger closure Fixed Duration 2h 19FS 

21. H.D. Shell side Fixed Duration 3h 20FS 

22. Removing unit prerequisites Fixed Duration 2h 21FS 

23. CONCLUDING ACTIVITIES Fixed Duration   

24. Insulation restoration Fixed Duration 4h 22FS 
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25. Scaffold removal Fixed Duration 2h 24FS 

26. Portable lighting removal Fixed Duration 1h 25FS 

 

Table A6: Maintenance activities – Air Coolers (EA) 

No Task Name Type Duration Predecessors 

1. PREPARATORY ACTIVITIES Fixed Duration   

2. Scaffold placement Fixed Duration 2h  

3. Insulation removal  Fixed Duration 2h 2FS 

4. MAINTENANCE ACTIVITIES Fixed Duration   

5. Plugs opening 10% Fixed Duration 6h 3FS, MP_10FS 

6. Visual inspection Fixed Duration 6h 5FS 

7. Plugs closure Fixed Duration 2h 6FS 

8. CONCLUDING ACTIVITIES Fixed Duration   

9. Insulation restoration Fixed Duration 2h 7FS 

10. Scaffold removal Fixed Duration 2h 8FS 

 

Table A7: Maintenance activities – Vessels (V1, V2) (simple) 

No Task Name Type Duration Predecessors 

1. PREPARATORY ACTIVITIES Fixed Duration   

2. Scaffold placement Fixed Duration 2 hrs  

3. OPENING OF EQUIPMENT Fixed Duration   

4. Installing equipment prerequisites Fixed Duration 2 hrs 2FS, MP_10FS 

5. Doors opening Fixed Duration 2 hrs 4FS 

6. Cleaning services Fixed Duration 6 hrs 5FS 

7. Inspection Fixed Duration 4 hrs 6FS 

8. CHECKED AND POSSIBLE REPAIRS Fixed Duration   

9. Repairs Fixed Duration 6 hrs 7FS 

10. Repairs inspection Fixed Duration 6 hrs 9FS 

11. CLOSURE OF EQUIPMENT Fixed Duration   

12. Doors closure Fixed Duration 2 hrs 10FS 

13. Removing unit prerequisites Fixed Duration 2 hrs 12FS 

14. CONCLUDING ACTIVITIES Fixed Duration   

15. Scaffold removal Fixed Duration 2 hrs 15FS 

 

Table A8: Maintenance activities – Vessel (V3) (with demister) 

No Task Name Type Duration Predecessors 

1. PREPARATORY ACTIVITIES Fixed Duration   

2. Scaffold placement Fixed Duration 2 hrs  

3. OPENING OF EQUIPMENT Fixed Duration   

4. Installing equipment prerequisites Fixed Duration 2 hrs 2FS, MP_10FS 

5. Doors opening Fixed Duration 2 hrs 4FS 

6. Cleaning services Fixed Duration 6 hrs 5FS 

7. Inspection Fixed Duration 4 hrs 6FS 

8. CHECKED AND POSSIBLE REPAIRS Fixed Duration   

9. Demister Fixed Duration 12 hrs 7FS 

10. Repairs Fixed Duration 6 hrs 7FS 

11. Repairs inspection Fixed Duration 6 hrs 9FS; 10FS 

12. CLOSURE OF EQUIPMENT Fixed Duration   

13. Doors closure Fixed Duration 2 hrs 11FS 
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14. Removing unit prerequisites Fixed Duration 2 hrs 13FS 

15. CONCLUDING ACTIVITIES Fixed Duration   

16. Scaffold removal Fixed Duration 2 hrs 14FS 

 

Table A9: Maintenance activities – Vessel (V4) (with acid resistant lining) 

No Task Name Type Duration Predecessors 

1. PREPARATORY ACTIVITIES Fixed Duration   

2. Scaffold placement Fixed Duration 2 hrs  

3. OPENING OF EQUIPMENT Fixed Duration   

4. Installing equipment prerequisites Fixed Duration 2 hrs 2FS, MP_10FS 

5. Doors opening Fixed Duration 2 hrs 4FS 

6. Cleaning services Fixed Duration 6 hrs 5FS 

7. Inspection Fixed Duration 4 hrs 6FS 

8. CHECKED AND POSSIBLE REPAIRS Fixed Duration   

9. Paint of internal cladding Fixed Duration 24 hrs 7FS 

10. Repairs Fixed Duration 6 hrs 7FS 

11. Repairs inspection Fixed Duration 6 hrs 9FS; 10FS 

12. CLOSURE OF EQUIPMENT Fixed Duration   

13. Doors closure Fixed Duration 2 hrs 11FS 

14. Removing unit prerequisites Fixed Duration 2 hrs 13FS 

15. CONCLUDING ACTIVITIES Fixed Duration   

16. Scaffold removal Fixed Duration 2 hrs 14FS 

 

Table A10: The project Resources 

Resource Name Type Job Description Function Department Max. 

Units 

Std. 

Rate 

Accrue 

at 

INSPECTOR Work Employee of the 

refinery 

Employee INSPECTION 6 35€/h Prorated 

WORKERS Work Employee of the 

refinery 

Employee MECHANICAL 12 25€/h Prorated 

EQUIPMENT 

TECHNICIANS 

Work Employee of the 

refinery 

Employee ELECTRICAL 2 25€/h Prorated 

ELECTRICIANS Work Employee of the 

refinery 

Employee ELECTRICAL 2 25€/h Prorated 

SCAFFOLD 

CONTRACTOR 

Cost Scaffold contractor Contractor MECHANICAL 1  Prorated 

HEAT 

CONTRACTOR 

Cost Heat contractor Contractor MECHANICAL 1  Prorated 

TOWER 

CONTRACTOR 

Cost Tower and reactor 

contractor 

Contractor MECHANICAL 1  Prorated 

HEATEX, SA Cost Heat exchanger 

and air cooler 

contractor 

Contractor MECHANICAL 1  Prorated 

Cranes Material  Contractor MECHANICAL  400€/d Prorated 
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Resources assignments to tasks. 

 

Table A11: Stop/start unit activities (MP) 

No Task Name Resources Units 

7. Curves spin for decoking 
WORKERS 6 

8. Installing unit prerequisites 
WORKERS 6 

9. Installing equipment prerequisites 
WORKERS 2 

12. Removing equipment prerequisites 
WORKERS 2 

13. Removing unit prerequisites 
WORKERS 4 

 

Table A12: Maintenance activities – Tower (T) 

No Task Name Resources Units - Cost 

2. Portable lighting placement ELECTRICIANS 2 

3. Scaffold placement SCAFFOLD CONTRACTOR 1.000€ 

4. Installing equipment prerequisites 
WORKERS 2 

6. Opening of external doors 
WORKERS 2 

8. Opening of internal doors 
WORKERS 2 

10. Cleaning services TOWER CONTRACTOR 12.000€ 

11. Inspection INSPECTOR 2 

12. Repairs TOWER CONTRACTOR 6.000€ 

13. Floors inspection #1 - #12 INSPECTOR 2 

14. Floors inspection #13 - #35 INSPECTOR 2 

15. Leak test TOWER CONTRACTOR 6.000€ 

17. Closure of internal doors 
WORKERS 2 

18. Closure of external doors 
WORKERS 2 

19. Removing unit prerequisites 
WORKERS 2 

21. Scaffold removal SCAFFOLD CONTRACTOR 1.000€ 

22. Portable lighting removal ELECTRICIANS 2 

 

Table A13: Maintenance activities – Reactor (R) 

No Task Name Resources Units - Cost 

2. Portable lighting placement ELECTRICIANS 2 

3. Scaffold placement SCAFFOLD CONTRACTOR 1.000€ 

4. 
Installing equipment 

prerequisites 

WORKERS 2 

6. Distributor removal 
WORKERS  

CRANE 

2 

1 
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7. Opening of external doors WORKERS 2 

8. Ventilation   

9. Machineries removal EQUIPMENT TECHNICIANS 2 

10. Opening of internal doors WORKERS 2 

12. Catalyst removal TOWER CONTRACTOR 8.000€ 

13. Cleaning services TOWER CONTRACTOR 16.000€ 

14. Cleaning inspection INSPECTOR 2 

15. Repairs TOWER CONTRACTOR 2.000€ 

16. Repairs inspection INSPECTOR 2 

17. Loading of catalyst TOWER CONTRACTOR 8.000€ 

19. Machineries placement EQUIPMENT TECHNICIANS  

20. Closure of internal doors WORKERS 2 

21. Closure of external doors WORKERS 2 

22. Distributor placement 
WORKERS  

CRANE 

2 

1 

23. Removing unit prerequisites WORKERS 2 

25. Scaffold removal SCAFFOLD CONTRACTOR 1.000€ 

26. Portable lighting removal ELECTRICIANS 2 

 

Table A14: Maintenance activities – Heater (H) 

No Task Name Resources Units - Cost 

2. Portable lighting placement ELECTRICIANS 2 

3. Scaffold placement SCAFFOLD CONTRACTOR 1.000€ 

4. Insulation removal  WORKERS 2 

6. 
Electrical power supply for mechanical 

decoking 

ELECTRICIANS 2 

7. 
Contractors establishment for mechanical 

decoking 
HEAT CONTRACTOR 2.000€ 

8. Thermowells removal EQUIPMENT TECHNICIANS 2 

9. 
Connection of equipment for mechanical 

decoking 
HEAT CONTRACTOR 2.000€ 

11. Mechanical decoking – pipes 1 and 2 HEAT CONTRACTOR 32.000€ 

12. Disconnection/Connection of equipment HEAT CONTRACTOR 2.000€ 

13. Mechanical decoking – pipes 3 and 4 HEAT CONTRACTOR 32.000€ 

14. 
Equipment removal of mechanical 

decoking 
HEAT CONTRACTOR 2.000€ 

16. Doors opening WORKERS 2 

18. Boxes opening for revelation of the pipes WORKERS 2 

19. Burners dislocations WORKERS 2 

20. Burners maintenance WORKERS 2 

21. Internal lighting placement ELECTRICIANS 2 

22. Scaffold internal placement SCAFFOLD CONTRACTOR 1.000€ 

23. Lumens inspection WORKERS 2 

24. Pipes inspection EQUIPMENT TECHNICIANS 2 

25. Repairs WORKERS 6 

26. Repairs inspection INSPECTOR 2 

28. Thermowells placement EQUIPMENT TECHNICIANS 2 

29. Internal scaffolds removal SCAFFOLD CONTRACTOR 1.000€ 

30. Burners fitting WORKERS 2 

31. Boxes closure WORKERS 2 

32. Doors closure WORKERS 2 

33. Removing unit prerequisites WORKERS 4 

34. Removing unit prerequisites WORKERS 2 

36. Insulation restoration WORKERS 2 
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37. Scaffold removal SCAFFOLD CONTRACTOR 1.000€ 

38. Portable lighting removal ELECTRICIANS 2 

 

Table A15: Maintenance activities – Heat Exchangers (E) 

No Task Name Resources Units - Cost 

2. Portable lighting placement ELECTRICIANS 2 

3. Scaffold placement SCAFFOLD CONTRACTOR 1.000€ 

4. Insulation removal  WORKERS 2 

5. Installing equipment prerequisites WORKERS 2 

6. Heat exchanger dislocation HEATEX, SA 800€ 

8. Bundle extraction HEATEX, SA 600€ 

9. Bundle transportation HEATEX, SA 200€ 

10. Cleaning services TOWER CONTRACTOR 1.200€ 

11. Bundle inspection INSPECTOR 1 

12. Bundle return HEATEX, SA 200€ 

13. Bundle restoration HEATEX, SA 600€ 

15. Cleaning services TOWER CONTRACTOR 800€ 

16. Casing inspection INSPECTOR 1 

17. Equipment’s fitting HEATEX, SA 600€ 

19. H.D. Tube side INSPECTOR 1 

20. Exchanger closure HEATEX, SA 800€ 

21. H.D. Shell side INSPECTOR 1 

22. Removing unit prerequisites WORKERS 2 

24. Insulation restoration WORKERS 2 

25. Scaffold removal SCAFFOLD CONTRACTOR 1.000€ 

26. Portable lighting removal ELECTRICIANS 2 

 

Table A16: Maintenance activities – Air Coolers (EA) 

No Task Name Resources Units - Cost 

2. Scaffold placement SCAFFOLD CONTRACTOR 1.000€ 

3. Insulation removal  WORKERS 2 

5. Plugs opening 10% HEATEX, SA 600€ 

6. Visual inspection INSPECTOR 1 

7. Plugs closure HEATEX, SA 600€ 

9. Insulation restoration WORKERS 2 

10. Scaffold removal SCAFFOLD CONTRACTOR 1.000€ 

  

Table A17: Maintenance activities – Vessels (V) 

No Task Name Resources Units - Cost 

2. Scaffold placement SCAFFOLD CONTRACTOR 1.000€ 

4. Installing equipment prerequisites WORKERS 2 

5. Doors opening WORKERS 2 

6. Cleaning services TOWER CONTRACTOR 1.200€ 

7. Inspection INSPECTOR 2 

9. Repairs WORKERS 2 

10. Repairs inspection INSPECTOR 2 

12. Doors closure WORKERS 2 

13. Removing unit prerequisites WORKERS 2 

15. Scaffold removal SCAFFOLD CONTRACTOR 1.000€ 
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9. Demister TOWER CONTRACTOR 1.200€ 

9. Paint of internal cladding TOWER CONTRACTOR 1.200€ 

 

 


