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The Monte Carlo Simulation tools is considered as one the most significant methods for analyzing 

risks associated to different parameters of a project. The following research study is about the 

analysis and exploration of the risk associated to the time and costs of the live project AX Parts in 

Scania CV AB.  

As the possibility of project delay and cost overrun are the most commonly risks associated with our 

project scope and success of the project, the Vose Software Modelrisk is a useful tool for simulation 

of these two variables, and has been optimized systematically for the time and cost function.  

In our study we have analyzed the dual risks at 5%, 10% and the estimated time and cost for the 

project AX Parts with risks. From the results of our simulation, there is a 14.49% probability that the 

project will be completed beyond the estimated time with risk, and a 12.61% probability that the 

project will overrun the estimated cost with risk. 

To further explore the dual risks significance, we have run a sensitivity analysis (Tornado and Spider 

plot analysis) to rank the activities in term of risks for the project AX Parts for both time and cost 

separately. Our goal is to implement the risk analysis theory in to a live project and show project 

decision makers that quantitative risk analysis is a helpful tool in the process of reducing and 

mitigation of risks. 
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1. Introduction  
 

 

In project management, for the successful completion of any project the triple constrains also known 

as the Project management triangle has a significant importance for the overall success of the 

project. The three main constraints, which are also interdependent for any project, can be classified 

into, time, cost and scope.1 According to Hughes and Williams (1991) the quality is not a part of the 

triangle but is the ultimate objective of every process, in term of time, cost and scope. The project 

management triangle and its dynamics are commonly used by project managers or decision makers 

in order to analyze, understand, evaluate difficulties and challenges, and the risks and uncertainties 

to the different parameters that arise at different phases of the project. 2 

 

                                                          1 

 

The risk is the main source of the uncertainty attached to the different parameters of the project, 

and they could be due to external or internal sources or factors. The organizations are continuously 

focused on, not only to identify but also to consider different risk management policies to control 

and mitigate it. The goal is to assess the risks before the risks effect the projects objective, or more 

precisely parameters like time, cost and scope. This is done both to improve and optimize its current 

status but also for the future business strategic decisions. 3 



6 
 

Risk analysis is a crucial step to increase the value of an investment.  In today’s fast and changing 

markets there is a growing need to strategically evaluate different investment opportunities by 

exploring if the risk involved in a project is at an acceptable level. The most common project 

parameters to consider in risk analysis are related to project completion time and the amount of 

resources (budget) necessary to complete it. 12 

There is always some level of uncertainty when estimating the total time and the overall cost in any 

project, and to measure and forecast these parameters are a complex issue. Today there are several 

different approaches and methods available, and the two most commonly used methods are the 

EVM (Earned Value Management) and RM (Risk Management). The EVM analysis is mainly focused 

on historical data and the RM analysis is based on dynamic aspects also considering the future risks 

associated to a project. 5,12 

To examine the practices of risk analysis we have had the opportunity to work with Scania CV AB 

which has provided data and information to be able to with the maximum quality and reliability carry 

out our research and present a concrete risk analysis of the project parameters in the project AX 

Parts. 

The project faces the need to calculate what the total time and cost with risk will be in order to 

complete the project and assure all the required resources.  In the project AX Parts, Scania CV AB is 

creating a blue print solution in Microsoft Dynamics for the spare parts process at the wholesale 

level, where the development and implementation of the solution is the key drivers towards the final 

cost. 53 

Another aspect is the need to identify which activities or processes in the project are the most 

significant in terms of risk regarding the dual risk factors in the development and implementation of 

the new solution. The chosen method makes it possible to create a reliable and accurate risk 

management plan for future analysis, by ranking the project activities or processes in terms of risk 

through sensitivity analysis.   
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1.1 Techniques for risk analysis (EVM, RM) 

In the modern era since globalization, business which operates in dynamic environments is at 

constant and continuous demand to improve the quality of decisions associated to the different 

parameter of the projects or organizations in term of risk. In the literature there are a number of 

techniques in use in order to define and calculate the risk to optimize the decision making process. 

The two most common approaches are the Earned Value Management and the Risk Management, 

which can be applied depending upon the situation and assumptions regarding the project 

parameters. 4,12 

In project management the Earned Value Management is commonly and widely employed in order 

to monitor and analyze the progress of the project in term time/ schedule and budget/ cost. One of 

the main drawbacks of the EVM is, as compared to the Risk Management tools like Monte Carlo 

analysis, the EVM often fail to consider the dynamic changes. When using the EVM and analyzing the 

project time and budget, in case the project run beyond the planned schedule and budget, may lead 

to misleading figures regarding the project key project parameters when it comes to interpretations 

and forecasting. 5,12 

One of the main drawbacks of the EVM is that it is significantly based on the assumption that the 

future performance of the different parameters of the project can be estimated or predicted on the 

basis of the past performance. The different performance indicators of EVM are Cost Performance 

Index (CPI), Schedule Performance Index (SPI), Cost Variance (CV), and Schedule Variance (SV) which 

are optimized not only to predict the future parameters, but also to make optimal decisions. It is 

quite hard to calculate the significance of the EVM assumptions through these indicators in term of 

its reliability because it is based on actual budget or cost. There is great possibility that the actual 

future value of different parameters may deviate from the forecasted values since the forecast is 

based on the past performance. 6 
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For the decision making through analysis of the past performance the EVM approach uses different 

tools like quantitative metrics and extrapolation etc. Since the decision makers also has to consider 

the dynamics of future scenarios and its parameters which lie ahead, it is not possible that the 

decision makers can take an optimal decision only by considering the past performance. The future 

scenarios can be significantly analyzed and explained through the Risk Management Methods and 

tools like the Monte Carlo simulation.5, 12 

The Monte Carlo method, or Monte Carlo analysis, can be defined as the analytical tools and 

techniques which are applied for as a mean of statistical evaluation of mathematical function. This is 

done by using the random sampling. Simply, it is the technique which is applied for the 

approximation of certain or specific outcomes and probabilities by running multiple trails. This can be 

interpreted as a simulation based on random variables. 13 

1.2.1 Research questions 

This research tempts to analyze through the practices of risk analysis the case study’s time and cost 

with risk. Will the estimated time in the project be sufficient? What is the risk that the project runs 

beyond estimated budget? Which project activity has the highest risk associated toward the final 

completion of the project, in terms of time and cost respectively?  

 

1.2.2 Objectives 

One of the main goals with this research is to identify which activities in the project AX Parts has the 

most impact on the project cost and time with risk. The risk analysis will be conducted through 

quantitative analysis (Monte Carlo Simulation) and qualitative analysis (expert opinion). A sensitivity 

analysis for further risk analysis of the case study on AX Parts will be performed to visualize and rank 

the different activities regarding their risk. The simulation and sensitivity analysis on time and cost 

will be done separately, and the results will be interpreted. The final goal is to analyze and discuss 

the measures for risk mitigation regarding the case study of AX Parts. 
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1.2.3 Research scope and limitations 

The approach is to specify the goal achievement, and raising awareness regarding risk calculation to 

guide decisions makers (stakeholders) to consider a more complete risk estimate and set priorities 

regarding the risk factors. Simply put, the scope is to help making more logical decisions based on 

quantified forecast and estimates, instead of assumptions or subjectivity. As for the case study, to 

provide possible recommendations to further improve the efficiency in term of cost and time with 

risk, and return on investment related to our case study. 39 

 

The calculations in this research will be based on some quantitative tools and expert opinion, 

background knowledge regarding the ranges while fitting the required distribution and this is closely 

related to and based on the assumptions regarding the inflation and the return on investments and 

portfolio analysis and is related to category of financial risk analysis of Scania.28,49 

 

The use and choice of software to run the simulations is a limitation, since the availability might be 

limited and the choice of tool must be consistent. Regarding the selected method, the Monte Carlo 

Analysis can produce possible scenarios for the future which helps the managers and the stakeholder 

to make optimal decisions, but one of the limitations is the interpretations of the results from the 

analysis. The chosen method also has some constraints regarding the serial correlation, and also that 

the return and inflation is treated as random. The Monte Carlo Analysis generates a large number of 

different situations, but it can’t calculate an actual estimate in an optimal way for a specific area and 

still consider all of the unknown factors in the calculation. 28 

 

 

As we are modelling there is no systematic way to “check” the accountability and changes of the 

data, since this thesis is not an ongoing work program, but just for one specific project. The data 
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might change during the work progress, but we don’t have access to or information about the 

extension of change or its impact since we are outside the organization and in addition the 

reluctance towards sharing sensitive and classified information. This is also why the choice of 

probability distribution is crucial in our study of AX Parts. 

 

1.2.4 In Scope 

Following activities are in scope; 

 Gathering Data 

 Arrange information and circumstances 

 Choice of simulation model 

 Dual Risk factors Analysis 

 Evaluate probabilities 

 Output and result interpretation from sensitivity analysis 

 Suggestion of risk assessment in the RMS for major risk factors in terms of the dual risk 

 

1.2.5 Out of Scope 

Following activities are out of scope; 

 Explore details in all tasks 

 Risk Management System for the project in detail 

 Advise and provide a complete Risk Plan for the project 

 Other parameters of Risk in the project AX Parts 
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1.3 Method for research 

The case study will be conducted through both deductive and inductive methods to cover the area of 

research, but will mainly focus on a mixed approach. We will gather theoretical knowledge trough 

software manuals and relevant articles about the implementations of the Monte Carlo Simulation 

and the qualitative approach will be used through expert opinion regarding fitting the appropriate 

range and distribution for the dual risks parameters. The study will mainly be practical since this 

research is focusing on applying the tools and techniques in courses of Practical Statistics and 

Advanced Risk Management at KTH (Royal Institute of Technology).  
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1.4 Project description in case study 

The history of Scania began in 1891 when a factory for production of railroad cars was founded in 

Södertälje under the name Vagnfabriksaktiebolaget, shorted to "Vabis", which also began the 

production of cars and trucks. Scania was formed in 1900 in Malmö, under the name 

"Maskinfabrikaktiebolaget Scania" and was in the beginning manufacturing bicycles. Soon after that 

Scania also began the production of cars and trucks. The first truck was built in 1902, and in 1911 

Vabis and Scania merged to meet the demands of the growing market in Europe. Scania built the first 

bus, and then kept the production of rail cars, trucks and buses going in both Malmö and 

Södertälje.44 Today Scania operates in about 100 different countries and has more than 35 000 

employees. Around 2400 of the employees work with research and development, and most of them 

work near Scanias production units in Sweden. In addition to sales and service, Scania also offers 

financial services on most markets. The purchasing department on Scania is supplemented by local 

procurement offices in Czech Republic, Poland, USA and China, and the production takes place in 

Europe and Latin America.  Also, about 20 000 people work in Scanias independent sales and service 

organization.45 

 

Scania CV AB is creating a blue print solution in Microsoft Dynamics for the spare parts process at the 

wholesale level. This will be utilized by the business units in Asia, and the blue print solution with 

local legal adaptations will then be deployed market by market starting with the business unit in 

Taiwan. When implementing the blue print solution, certain processes will also be standardized.53 

 

The scope of this live project is to analyze requirements, design and develop solutions in AX Parts 

and implement this ERP (Enterprise Resource Planning) solution for the business units in Taiwan. All 

hardware, software, skills needed to manage the project of AX Parts will also be included and 

estimated in the project plan. 

 

The project organization includes a project manager, business analysts (both from Scania head office 
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and business unit) and an IT delivery team. The IT delivery team consists of a project manager, 

several AX consultants, technical staff regarding migration and data configuration. A solution 

architect is also included to link business and IT regarding requirements. The blue print solution will 

be funded by Scania head office but local adaptations and certain deployment activities will be 

financed by the specific business unit. The total estimate to develop the blue print and deploy the 

solution in Taiwan is around 4000 thousand SEK. 53 
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2. Theoretical framework (research methods) and literature 
 

Generally, the research can simply be defined as to carry out the investigation to the particular field 

in order to create or to establish the facts systematically about that particular subject or area. 

  

The research methods help the managers or the decisions makers to carry out the project and to 

understand and solve the challenges which they face. It helps them to find the facts about the 

problem in more significant way, and to investigate the different possibilities to the particular 

problem and choose the best possible solution, and also to learn and develop the skills and 

techniques for continuous development.7, 8 

 

The research methodology can be simply defined as the systematic and organized process. The 

methodology is used and adopted in order to collect the information and the data for analysis in 

order to make optimal business decisions. The methodology may consist off published research, 

interviews, survey, and number of statistical tools and techniques in order achieve the basic goal of 

the research methodology. This enables the researcher, project manager or decision makers to 

organize and channelize their efforts in to a particular and significant cohesive and conceptual 

output.  8 

 

There are two methods or approaches to carry out the research which are the qualitative research 

methods (inductive) and the quantitative research methods (deductive).  
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2.1.1 Qualitative research methods (Inductive) 

The main characteristics of the qualitative research is that its data are general non numerical. One 

important feature of the qualitative method is that its finding are not generalized outside the study 

or research and includes a smaller sample size as compared to the quantitative research method. 

8The tools which are commonly used for the collection of information or the data set in the 

qualitative research are interviews, observations, different types of questioners and so on. Jha. N.K. 

(2008) The tools of description of the phenomenon and its concerns, the theories regarding coding, 

the interpretation of the used methods, and the trend or pattern generation, and computer software 

are also used to facilitate the qualitative research for interpretations and analysis.8 

 

 

2.1.2 Quantitative research methods (Deductive) 

The quantitative research can simply be defined as it is the method which is utilized in order to 

quantify the problem or research question ,Jha. N.K. (2008). This is done through generation of the 

numerical data set which can be interpreted or transformed through practical and operational 

statistics, by using the measurable data sets in order to organize and formulate facts.  

The main feature of the quantitative research is that it focuses on the objectivity through the 

conceptualization of the research hypothesis of the research question, where the qualitative 

research focuses on subjective approach.8,9 

The characteristics of the quantitative research is that is has a certain design which is chosen to 

conduct the study systematically. The choice of model is critical regarding the accuracy of the study 

to conduct the dynamic analysis about the feasibility and control, and most importantly the analysis 

of the internal and external validity.8.9 

The objectivity of the quantitative research can be expressed and interpreted through the literature 

review and the theoretical framework in order to explain the research question. The deductive 

approach systematically focuses on the structured research design depending upon the nature of the 

study, in order to provide the blueprint for testing the hypothesis or the research question.  
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2.1.3 The mixed method 

 

The integration of the quantitative and qualitative method in the literature and studies is also of 

great importance and is called the mixed method approach which we used in this case study in order 

to analyze the research question in a more efficient way. 8.9 

 

The mixed method approach is systematically presented by Teddlie & Tashakkori (2009) through the 

application of multiple methods in their study.10 Furthermore, Johnson and Turner (2003) also added 

and argued that in different types of studies, depending upon its nature, the mixed method approach 

can be the optimal one. In this approach the researcher use different kinds of sources, strategies and 

methods (both quantitative and qualitative) in order to collect data and information, since this is not 

possible when utilizing the dynamics of only one method.11 

 

 

 

 

2.2 Different types of Risk analysis 

 

According to (AS/NZS 4360:2004), 28 risk analysis is defined as the systematic process to understand 

the nature of and to deduce the level of risk. There are different types of analysis, and the level of 

detail in it may vary. The level of detail depends on the risk, resources and data available, the 
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purpose of the analysis, and the overall information. Depending on the circumstances the analysis 

can be qualitative, semi quantitative or quantitative, and when considering the complexity and cost 

perspective the qualitative analysis is the most inexpensive followed by semi-quantitative and 

quantitative.28 The qualitative analysis is commonly used to create a general indication of the level of 

risk and to reveal the major risk issues, and when this is done the nest step might be to consider a 

more specific or quantitative analysis on the major risk matters in order to do the risk assessment.29 

 

2.2.1 Qualitative Analysis 

 

The qualitative analysis derives from describing in words the extent of potential consequences (risk), 

and the chance (likelihood) that those consequences will occur. Depending on the circumstances the 

scales are fit to be synchronized, and for different risk different descriptions can be used.  When 

using the qualitative analysis it is important to consider facts and actual data where available. 28 

Usage of qualitative analysis: 

 In the identification of risks in the initial planning phase which demands a more detailed 

analysis. 

 For decision making, when it is appropriate to use this type of analysis  

 When quantitative analysis cannot be used, where the numerical data or resources are 

insufficient. 1,19 

2.2.2 Semi-quantitative Analysis 

 

In the semi quantitative analysis, scales from the qualitative analysis are used for further analysis 

provide a more expanded ranking scale than is usually achieved through the qualitative analysis. It is 

important to have in mind that the semi quantitative analysis do not attempt to suggest realistic 

values as the qualitative analysis does, but aims to produce a ranking scale of the potential 
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consequences and the likelihood that those consequences will occur. 28 

The values assigned to each and every description (risk) may not always reflect an accurate 

relationship of the actual level of risk or likelihood of occurrence, and therefore a formula that 

recognizes the limitations of this kind of scales must be used when combining the numbers.  

Since the chosen numbers may not accurately reflect the dependencies, and this can lead to 

unreliable, strange or incorrect outcomes, there is also need to be cautious when using the semi-

quantitative analysis. The semi-quantitative analysis may not provide a proper differentiation 

between the risks, especially when the consequences or likelihood are not to the extreme.  29, 30 

 

2.2.3 Quantitative Analysis 

 

The quantitative analysis uses the numerical values for the consequences and likelihood using actual 

data from different sources (in comparison to the descriptive scales which is used in the qualitative 

and semi-qualitative analysis). Here, the quality of the analysis depends on the accuracy and 

comprehensiveness of the data (numerical values) and the validity of the models that will be used.12 

By modelling the outcomes of an event or set of events the consequences (risks) may be determined. 

The consequences may also be determined through extrapolation from trials or past data. When it 

comes to the expression of the consequences, it may be expressed in terms of financial, technical, 

human impact criteria or some other numerical criteria. There can also be need to specify different 

times, groups, places or situation and then more than one numerical criterion is required.28 

Depending on what type of consequences (risk) and likelihood are expressed and combined to 

provide the level of risk, the risk assessment output will vary. This is the reason why the uncertainty 

and variability of the consequences and likelihood should be reflected in the analysis, and according 

to the risk management system communicated efficiently to all concerned parties.30 
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Risk management analysis is one of the crucial parameters of the project management. Risk 

management not only facilitates the project managers to identify the threats and opportunities 

associated to project parameters and different process inputs, but also the controlling and mitigation 

of risks. This is important in order to achieve the goals of the project, for instance in term of time and 

cost which are two very significant factors that contribute toward the success of the project. 20, 29 

 

To sum up, one of the upsides of the qualitative risk analysis techniques is that it is relatively quick 

and easy to perform. It is also easily understood in the organization since not all employees are 

trained in advanced quantification techniques. The constraints of the qualitative risk analysis are that 

it might be imprecise and does not provide differentiation between the levels of risk. It also cannot 

numerically identify risk interactions and correlations and can only facilitate cost-benefit analysis in a 

limited way as compared to the qualitative risk analysis.  One of the major advantages of the 

qualitative risk analysis approach enables further analysis of risk, for instance sensitivity analysis, but 

it also a very demanding technique. The development of the model is often time consuming and 

costly, and requires a certain level of understanding and skills. 28 

 

2.3 Risk Management Process 

 

The Project Managing Institute (PMBOK 2004) for managing the risks associated to any kind of 

project parameters defines a standard approach consisting of a systematic process, which is further 

described in six steps. 12 

Step 1. Risk Management Planning 

 

The first step is the creation of the risk management plan, which defines how the risk management 

will be organized and performed in the project. The risk management plan includes description of 

methodology, roles and responsibilities, risk budget, time plan and categories of risk and more. 12 
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Step 2. Risk Identification 

 

The risk identification process defines which risks might have impact on the project, and document 

their characteristics. To identify the risk involved, the usage of different tools (e.g. brainstorming, 

workshops, Delphi technique) is performed. The outcome is a risk register that contain information 

about the identified risks, the causes and possible responses etc. to each risk respectively.12, 28 

 

Step 3. Qualitative risk analysis 

 

The qualitative risk analysis contains methods (brainstorming, workshops, Delphi technique, expert 

opinion, SWOT analysis etc) for ranking and evaluating the identified risks for further analysis. The 

outcome is an updated version of the risk register, plus the estimated probability and impact of each 

risk in case of occurrence. Here dependencies between different risks might be detected.12, 28 

 

Step 4. Quantitative risk analysis 

 

The quantitative risk analysis is the application of a model that calculates all the individual risks in the 

project simultaneously. There are different techniques, for instance Monte Carlo Simulation or 

decision trees, and the analysis serves to provide a depiction of the probabilistic analysis of the 

whole project, and not of individual risks. 12, 28, 29 

 

Step 5. Risk Response Planning 

 

The process of risk response planning is the development of alternative options and actions to 

reduce threats and enhance opportunities towards the projects objectives. The outcome is the level 

of risk acceptance, and the opportunity to mitigate the impact or to avoid or transfer the risk. 12, 29  
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Step 6. Risk Monitoring and Control 

 

The identification, analysis and planning is an ongoing process to detect and assess new risks. The 

process also serves to keep track on the identified risks, review and analyze existing risks, observe 

risk triggers for contingency plans, monitor residual risks and revise the implementation of risk 

responses. 12 

 

In the literature the Monte Carlo Simulation tools and techniques are generally categorized under 

the heading of quantitative risk analysis but also the qualitative risk analysis regarding fitting the 

distributions, in order to quantify the risks and uncertainty associated to the project parameters and 

activities. More precisely, for example time and costs. 14 

 

Monte Carlo Simulation is used as a powerful tool, to facilitate the managers, decisions makers and 

stakeholders in an easy way to interpret, analyze, comprehend, and present the dynamics of the 

project. It analyses the need for resources in financial terms and time limit they need to consider for 

the successful project completion throughout from project initiation phase till the enclosure. 

Furthermore from the tools of the sensitivity analysis of Monte Carlo analysis also facilitate the 

decisions makers prioritize and decide what areas is crucial regarding the risks to focus on.16  

 

This means that the sensitivity analysis rank which activity or input is contributing more significant 

interpreted in terms of probability, toward the overall risk involved, and which activities that should 

be reconsidered in order to mitigate the risks associated to that activity or input. This serves to find 

which parameters ultimately have a negative impact on the overall project parameters.19 
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2.4 Analysis of Risk Management Structure in Scania 

 

One of the basic objectives of our study is s the analysis and calculation of the risks associated to the 

time and cost functions of the project AX Parts in Scania CV AB. The Monte Carlo Simulation, which 

we used in our study, is generally used to evaluate investment portfolios in different projects 

possibilities and in order to evaluate the business and financial derivatives. Scania applies a Risk 

Management System in term of responsibilities, risk analysis and risk categories.  

The risks are divided into mainly five sections; 47 

1. Strategic risks 

2. Operational risks 

3. Legal risks 

4. Tax risks 

5. Financial risks 

As the time and cost are the significant parameters of any project within Scania which is not only 

strongly associated to the overall success of the specific project, but also closely associated and 

correlated to the organization overall risk strategies.45 

Therefore, Scania has developed the structure for responsibilities in term of risks in all of the risk 

categories. In our study of the project AX Parts, the risks are related to the department of business 

development since they are creating a blue print solution for the spare part process. Through a cross-

functional meeting structure for decision making of strategic and tactical nature and the 

establishment of a yearly risk process, Scania manage risks associated to the business development 

and long-term planning.  All units are involved in the strategic process which covers both external 

and internal concerns, to minimize the risks of overlooking threats and opportunities, making wrong 

decisions and to manage the risk of uncertainty and lack of clarity concerning Scanias strategy and 

development in a systematic way. Therefore research and development projects are constantly 
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reviewed on the basis of each projects technological and commercial arena. 47 

 

In terms of our study, by estimating and modelling the time function in a proper way in advance, it 

helps the decision makers to mitigate the level of risk since they can make decisions based on 

quantitative analysis instead of qualitative analysis, which is accordingly to the overall strategy of 

Scania.26 

Regarding the estimations of the cost function with risk for the project of AX Parts which is related to 

the financial risk category, it will not only help towards the project success but also assist the 

decision makers in the planning phase to consider the necessity of enough funding and resources 

required for the efficient completion of the project.12 By considering the other financial market 

parameters like rate of interest, credit risk, refinancing and currency, which also might have an effect 

on the project budget, the decision makers should have a plan to meet all the requirements in this 

dynamic situation of project AX Parts. To manage these risks the Board of Directors in Scania has 

implemented a separate Financial Policy, which dynamics could be further evaluated.48 

Regarding the overall strategic risks it is the Executive Board that is responsible for managing the 

risks in terms of corporate governance- and policy related risks. In general Scania has a risk 

management system, and all units must work to meet the requirements, guidelines and policies and 

make sure it is well documented. The management structure and processes is the key to quickly 

spread correct information, and the risk management system is under continuously improvement.45 
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2.5 Scania risk management for the Project AX Parts 

 

The overall cost of the project AX Parts is initially estimated to lie around 4 Million SEK. Since Scania 

CV AB is a quite big and a global organization having many different ongoing projects at all levels, the 

project of AX Parts is considered to be a relatively small project. Even so, Scania has applied their risk 

management system in the procurement process as well as the financial policies and so on at the 

different departments, levels and processes. 53 

In this case study of the relatively small project of AX Parts, Scania has not shared any detailed 

information about the existing risk strategies they use for the work progress in this kind of projects. 

The information is classified, but at a general level for small projects they use a mixture of different 

qualitative risk analysis approaches when a project is launched.  

When the project is small, usually the risk analysis through qualitative tools is sufficient since the 

resources required to perform a quantitative risk analysis cost more in term of resources, expertise 

and consultancy etc.  

In literature (AS/NZS 4360:2004)28, the risk could be related to internal or external parameters. The 

external parameters, like rate of interest, credit risk, taxes and more, are considered before the 

project is initiated and the quantitative risk analysis is more significant as compared to the 

qualitative risk analysis regarding these parameters.  

From what we know at this point regarding small projects or projects like AX Parts, the position of 

Scania is that it is of higher value to just start working on the project AX Parts instead of performing a 

more demanding risk analysis regarding the internal parameters. Through their initial analysis, the 

total cost for the project is estimated to 4 Million SEK and the estimated total time for completion to 

be around 2956 working hours. 
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2.6 Method of the Monte Carlo simulation 

 

The Monte Carlo method was first used in Second World War during the “Manhattan Project”. Since 

then it has been utilized in a number of field such as engineering, biology, biochemistry, statistics, 

meteorology, and finance.13 

 

The Monte Carlo Simulation is widely optimized for the simulation of various mathematical, 

statistical, and scientific situations during the project and being explained and included in several 

risk management templates, standards and project management books, such as for example the 

Project Management body of Knowledge and the NZ2004. 12, 28 

 

One of the important features of the Monte Carlo simulation is the utilization of the quantitative 

data, which help to communicate and justify the project parameters in the more convincing way, in 

comparison to when decisions are based on the unrealistic project expectations and assumptions. 

By optimizing the tools and techniques of the Monte Carlo Method the project manager can easily 

interpret and compute the risk in term of probabilities through statistical inferences.19 

 

As the range and implication of the risk analysis is of great importance in the field of the project 

management in the modern era, and furthermore not only it enables the decision makers regarding 

the identification, and assessment of risk associated with the different investments plan and the 

portfolio management, but it also to address the challenging scenarios associated during different 

project phases. 20 

 

The Monte Carlo Simulation can simply be defined as a statistical analysis which is being optimized 

for the approximation of quantitative problems on the basis of probability and random sampling. 

As in every project there are a number of functions or processes such as for cost, production, 
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quality and time that consist of different coefficients, variables and inputs depending upon the type 

of project. Each parameter could have different sets of possible values which are being represented 

and generated through the probability distributions.21 The Monte Carlo tools can simulate the entire 

process hundreds or thousands times depending upon the nature of the study by selecting the 

random values each time from its probability distributions. After that, the process is being repeated 

in order to calculate the overall output or values of the processes or the equations. 24 

 

Another important feature of the Monte Carlo method is that, it can be further used for more 

detailed analysis. After simulations of for instance time and budget with risk, there are tools to rank 

the different activities in term of its risk and level of significance contributing more towards the final 

project time completion with risk and the total budget of the project. The most common tools are 

Tornado Plot Analysis and the Spider Plot analysis. 49 

 

Balcombe and Smith (1999) tried to calculate and interpret how the Monte Carlo simulation can be 

optimally utilized, and how to facilitate the decision makers to invest in the project to gain the 

maximum yield. To calculate the maximum yield, Balcombe and Smith (1999) based the analysis of 

the (NPV) Net Present Value and the net cash flow.42 The Monte Carlo Simulation facilitates the 

decisions makers, even though a number of investment opportunities might generate a similar 

mean value of the NPV but then having the different values of the dispersion around the mean of 

NPV distribution probabilities, which will steer the managers regarding the optimal decisions.42 

 

William(2003) While deciding and planning about project major milestones and parameters the 

Monte Carlo Simulation can be useful, but in reality some project managers might be reluctant to 

utilize these tools as it requires knowledge about statistical, mathematical and software 

understanding, and the skills to implement interpret it. 21 
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Javid and Seneviratne (2000) in their studies tried to analyze the risk related to investment of a 

construction project through Monte Carlo simulation. In their model they focused on the sensitivity 

analysis to understand, or simply to rank, the activities contributing toward the final risk in term of 

the cash flow by simulation and utilizing the standard risk approach.43 From their analysis they 

concluded and found that the Monte Carlo method is an optimal tool to identify that parking 

demand is the most significant parameter contributing toward the final risk associated to cash flow 

in that construction project. The method also facilitates the decision makers to be focused on the 

most sensitive parameter in order to reduce the overall risk of the project in term of investment.43 
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3. Research Methodology and Strategy for the case study 

 

The methodology chapter is about the systematic way which we used for the analysis of risk 

associated with our time and cost functions or processes of the Scania live project AX Parts, which is 

about the development and implementation of blue print solution. The project deployment 

manager provided the input for the functions. 53 

 

3.1 Deciding upon The time and Cost Function  

 

The main feature, or the difference, between our function for time and our function for cost is that 

the time function is being generated by the total working hours estimated of the project completion, 

and the cost function by the estimated cost for different activities in total and in financial terms.15 

 

The time plan consists of 16 activities which has been our input, in which it is expected to be 

completed initially decided upon the planning phase of the AX Parts. In our thesis the activities will 

be denoted by AC 1-16 instead of its actual names due to the reason of classification.  

 

For the cost function, the cost values are being represented in thousand and consist of 15 activities 

denoted by AC 1-15. Furthermore the cost function parameters are assumed to have different 

determinants compared to the time function as it involves a number of financial variables and 

parameters. 53 
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3.2 Selection of the Monte Carlo Method  

 

Since the introduction of the electronic computing, difficult random experiment which involves 

heavy (time consuming) calculation about different parameters in the field of management, finance 

and economics etc. can be done easily with software, which is quite hard to do manually.19, 31 

 

Regarding the quantitative risks analysis, the result is being presented in terms of probability that is 

more realistic, which is why the MC tools is considered to be more effective as compared to the 

qualitative analysis. Monte Carlo analysis involves the means of computers and software in order to 

generate or simulate the random processes.32 We selected to use the Monte Carlo methods in our 

study since it can utilize the broad area of the computational algorithms which are based on the 

random sampling in order to obtain the numerical results. In general, the method is s commonly 

considered to be useful when it’s quite difficult or non-significant to work with other mathematical 

models/ methods.33 

 

The Monte Carlo experiments are categorized into three distinctive areas. The areas are the 

optimizations, the numerical integration and the statistical inferences being drawn (or simulated) 

from the method of probability distributions. All these areas can be interpreted into steps in the 

simulation of our model in our study. In general the Monte Carlo is the optimal way to go in any 

study or experiment that contains analysis of these aspects.33 
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3.2.2 Methodology and strategy for the steps involved in Monte Carlo Simulation 

 

The dynamics of the case study involves these steps, and therefore the Monte Carlo is an efficient 

method.  

 The first thing we had to do was to define the domain in the sense of the possible activities 

or events of the time and the cost function of the project. 

 The second step was associated to the generations of the activities being drawn from the 

probability distributions related to the domain. 

 The third step was a about the performance of the deterministic computations (simulations) 

of the activities of the cost and time functions.  

 The fourth step was associated to the integrations and interpretation of the result. In our 

case study, the risk associated to the final cost and time functions and also to rank the 

activities of the cost and time functions in term of risk. 34,35 

 

3.3 Monte Carlo method as an optimal tool in our study 

 

As the nature of our study which involves different statistical analysis and dimensions for which the 

MC is an optimal tool are,  

3.3.1 Analysis of Sampling 

The first argument for choosing to work with the MCM is that it involves a sample analysis. Sample 

analysis means that the experiment is repeated a number of times, each time by selecting a random 

value. In the calculation of time and cost for the project with risk which also involves fitting the 

distributions to its activities, for example in our study we decided upon the triangular distribution 

which involves the sample analysis.  When working with the sample analysis the rule of thumb is that 

the larger sample size (number of times the experiment is repeated) the more accurate outcome is 
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presented. We selected the sample size 50 000 which considered to be large enough for our time 

and cost functions which consist of 16 and 15 activities respectively. 

 

 

 

3.3.2 Analysis of Estimations 

For the estimation of the time and budget with risk, we explored a number of different probability 

distributions like the PERT distribution, uniform distribution and triangular distribution. Strength of 

the Monte Carlo method is that it is quite easily analyzed in a systematic way as compared to the 

other risk analysis techniques. Comparative analysis of different distributions, in order to have more 

detailed analysis of different dimensions of the experiment, can be done very easily with this 

method. 51 

For the analysis of estimations, which also involves fitting the range and probability distribution, we 

decided upon the triangular distribution. The reason for this choice on our study is that it has more 

tendencies for the upper and lower values to fall around the most likely value.50, 51 

 

3.3.3 Analysis of optimization  

As our functions of time and cost involves different activities which contributes toward the final risk 

the third reason for the selection of the Monte Carlo method is the analysis of the sensitivity 

analysis.  

 By using the Monte Carlo method, further sensitivity analysis regarding the risk can be made 

through Spider Plot Analysis which provides a ranking scale of the activates based on how much each 

activity contributes toward the final time and cost with risk. This is a powerful tool to optimize 
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decision making since it not only rank the most significant activates to focus on but also in terms of 

probabilities to guide the decisions makers to make optimal action plans. In our case the method 

serves to reduce the total time and cost for the project in terms of its risks.  

 

To sum it up, the method of Monte Carlo is highly beneficial since it provides a dynamic analysis that 

is easily understood and efficient when it comes to randomness, and gives results that are easily 

interpreted for further actions.  

3.4 Fitting the distribution 

 

As depending upon the nature of the study and the type of the data set about the activities we have, 

we will use the triangular distribution on the basis of its assumptions of validity. Initially we have the 

values (data) of each activity, and then we will (from the concept of qualitative risk analysis) decide 

upon the minimum in best case and the maximum in the worst scenario, through the expert opinion.  

The values that the activities might take in term of time and budget respectively for our time and 

cost functions.50 

 

3.4.1 Analysis of different distributions  

 

The probability distribution function is a basic tool of statistics, which helps the decision makers to 

facilitate in order to efficiently estimate the effect of the unexpected events. The decisions based on 

the single point estimates are often not very realistic, and that’s why they use the statistical 

distribution to get a more realistic result. To be able to get the most realistic result is a crucial step 

from the project planning phase, and its parameters is characterized by possible changes (range) 

with respect to the original point estimates.  

The range of all the activities of the time and costs functions are being provided by the deployment 
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manager (through the project deployment team members in AX Parts) and through the discussions 

associated to the different sections in the project.  

In order to apply the suitable probability distribution to generate the approximation based on the 

values (ranges) of the activities, we utilized the Modelrisk Vose Software to get the best 

interpretation of the information. When it comes to expert opinion according to (Vose 2015), the 

uniform distribution is often considered to be a relatively less significant method. This is because of 

in the uniform distribution all the values within the ranges have an equal probability density 

function, and the density could be dropped to zero.49 

In our case we decided to use the triangular distribution, as according to (Vose 2015), the expert 

opinion in term of our study the triangular distribution is the most suitable distribution. The 

argument for choosing the triangular distribution is that: as per the definition of distribution in term 

of the expert opinion there is a higher probability of occurrence of the values around the most likely 

value, which are the values of the activities estimated for our study time and cost functions being 

decided upon in the planning phase. 49, 51 

For our project AX Parts, the risks associated to the activities of the time and cost functions and the 

range in best and worst possible scenarios are based on the qualitative risk analysis. The qualitative 

risk analysis is based on information (through interviewing and feedback) provided by the project 

deployment manager, and shows a higher degree of skewness (asymmetrical shape of distribution).  

When analyzing our data we can see that most of our ranges have a skewness toward the right side 

of the triangular probability distribution, based on the values of the activities estimated. This is 

because there is a higher tendency for the time and cost function activities that the project will 

overrun the estimated time and cost, and has a relatively less tendency that it will be completed 

before the estimated time and cost.51, 54 
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Figure 3.1 Illustration of different activities by using triangular distributions with and without skewness 
55

 

 

On the basis and the nature of our study, we applied the triangular distribution to the different 

activities of the time and cost function activities respectively. Most of our activities are skewed to the 

right side except a few (for example AC11 in cost function), which statues the situation that all of the 

project activities outcomes are not symmetrical, meaning that they do not show equal range in both 

directions. Another aspect of the triangular distribution is that it is considered to be a good 

approximation of the situation, in term of graphical and mathematical representation related to our 

case study.54 

3.4.2 Choice of Triangular distribution  

 

In the study the tools of qualitative analysis through expert opinion for the probability analysis has 

been utilized for the time and cost function by fitting the optimal distribution. In Kuhnert et al. 

(2010) study he systematically analyzed, in case of when the data is not enough to do a statistical 

analysis, the qualitative analysis through expert opinion is considered to be the optimal tool for 

further analysis of the data.36 Furthermore Bergman et al (2012), added to the study of Kuhnert et al 

(2010) that in order to use the tools of expert opinion regarding the different parameters of the 

project, the experience, credibility and the background knowledge of the expert should be 

considered in order to decide if the method of expert opinion can be used. 37 
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Another relevant study regarding the tools of expert opinion was done by van Audenhove (2013), 

where he categorizes the different aspects and the dimensions under three main headings. These 

headings concerns the experts associated to the technical dimensions or parameters of the project, 

the second category of experts is associated with the personnel related to the specific process 

(ground level employees)38, and the last type of experts involves the theoretical aspects of the 

projects. According to Vose in 2015, the tools of expert opinion are used through the parametric and 

the non-parametric distribution analysis. For the analysis of our data set in order to simulate the risk 

involved in the dual risks functions we utilized the approaches of Audenhove (2013) and Vose (2015) 

since it is a crucial step when fitting the distribution for the analysis. 38, 49 

 

3.5 Running a Simulation and selecting the P (Sample Size) value  

Next, we will run the simulation on the time and cost estimated with risk respectively, in order to 

have the high level of acceptance of our analysis in term of probability, or to have a more clear idea 

about the result. For that will choose the sample size of 50.000, as the larger sample size will 

generate a more precise result based upon the nature of our project regarding our time and cost 

functions which consist of multiple activities and its assumptions. Then, will do the analysis at 5%, 10 

% level of probability and the expected time and cost estimated and the time and cost with risk 

calculated respectively through histogram analysis. 49 

 

3.6 Sensitivity analysis  

 

After calculating the time and cost with risk, and from simulation of its probabilities we conduct the 

sensitivity analysis for each of the functions respectively. The sensitivity analysis rank the activities in 
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term of its risks and level of significant contribution towards the final project time completion with 

risk and the total budget of the project with risk. For this analysis we will utilize the tools of the 

Tornado plot analysis and the Spider plot analysis by choosing the 90% conditional cumulative 

percentile to be able to get more elaborated analysis. 49 

3.7 Software for Monte Carlo Simulation  

 

As the Monte Carlo Simulation, simply is the statistical analysis of the cost and time function on the 

basics of the probability in order to have the expected risks associated (probabilities) to have a more 

clear idea about the project parameters. For this we will use the Model Risk Software which is the 

extension of MS Excel. 49 

 

3.8 Reliability and Validity 

 

Most of the project information regarding the different parameters was classified, so we used the 

different approaches not only to check the reliability of our data set but also we check the validity of 

our result, mainly through qualitative approach. 

The validity and reliability of the research can be considered as one of the most important aspects of 

the study in order to have an overall acceptance of the study. Data reliability can be defined as the 

situation or the state, which can provide sufficient, significant or error free information about the 

data and source of data which are to be used in the study. 40 

As the nature of our study is quantitative, but some dimensions also involve qualitative approaches, 

such as for instance regarding the ranges. According to Moskal & Leydens (2002) the validity can be 

defined as; to what extent the used data support the evidence in term of interpretation, and to what 

extent the data is appropriate to be used for analysis. 41 
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Joppe in (2000) further added that the reliability can be interpreted as how much or to what level 

the results are consistent when the process, experiment or the trail are repeated number of time.  In 

addition, 40Charles in (1995) present the another aspect of the reliability of the data, by adding the 

perspective of stability when it comes to quantitative analysis. By stability he means that if the trail 

(experiment) is repeated number of times and the output is somewhat consistent in comparison to 

the initial trials. Simply, this can also be interpreted as that the data stability and reliability are 

positively correlated when the experiment are repeated a number of times depending upon the 

nature of hypothesis. 39 

In order to check the reliability of the data in our study we use the three steps approach Charles 

(1995).  

 

(1) The first step serves to confirm that the data set is complete.  

The data should be complete in the aspect that the provided data in our time and cost functions 

consist of different activities and is presented in the same unit. When this is ensured, the total time 

(working hours) and the cost of the project (SEK) can be generated by adding of all the activities 

related to the time and cost respectively, which was being decided in the initial planning phase of the 

project. 39 

(2) The next step is to explore the accuracy of the data.  

The accuracy is being decided through tools concerning the aspects of the data being consistent and 

correct. The consistency can be described as that the data at its source is clearly defined and 

presented in a way that doesn’t mix units or codes.39  The tool of correctness can be described as that 

the data reflects and represents the actual source, in the sense that for instance the activities are 

being coded with the different names AC1-AC16. 
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(3) The last step concerns whether the data is unaltered 

In our case in the sense that we revived the data set of the cost and time of the project and its 

activities to where the resources will be allocated. The data in our study is unaltered since it truly 

reflects the last updated version of the project time and cost at the time we conducted our 

simulation.39 
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3.9 Ethical consideration 

 

Through the whole process of our study we kept a high level of ethical consideration since both trust 

and handling of data are important features in our study.  

From start we provided Scania a description of what we aimed to do for our area of research, what 

kind of data we wished to have access to, what level of assistance and what kind tools we needed. To 

make sure all parties are in agreement we formally conducted the specification which also included 

the responsibilities from Scania. The specification of our research also contained a description of the 

systematic steps to be followed for Monte Carlo simulation and the requirements of the data in 

order to run it in terms of time and cost. 38 

The agreement with Scania in the ethical perspective covers the whole process of our study, 

everything from the collection and handling of the data set till the interpretation of the result and 

analysis. As we are studying a live project, the information regarding the risks analysis of the time 

and cost functions were classified in most ways due to sensitivity of the brand of Scania. When 

getting the data regarding the time and cost functions the activities of the project, to where the time 

and budget will be allocated, were confidential. To get this information was a crucial step in our 

study, and therefore it was decided that instead of using the actual names of the different activities, 

the activities will be denoted by Activity AC1-16 for the time and cost function respectively.  

When handling the data, the next step which was about assigning the range of the activities. This was 

also being decided through the tools of expert opinion and in our arrangement we deiced upon to 

utilize the Audenhove (2013) and Vose (2015) approach regarding the range which is being explained 

in detail in section 3.4.2. For the ethical concerns the confidentiality were guaranteed in our 

agreement that all information was to go through the project deployment manager. 38, 49 

 

And lastly in term of ethical considerations, it was also being decided to present the simulation 
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results and its interpretation, to the project deployment manager before finalizing the report. This 

was specifically requested regarding the sensitivity analysis, where the activities were ranked in term 

of risk significance toward the final project completion of time and cost with risk, which is closely 

correlated to the validity of our study. What has been explained about the project, the results and 

interpretations in our study is thoroughly in line with the initial agreement and ensured through 

continuous dialogue.  

 

3.10 Limitations 

 

According to our judgment, the information we got through experts (project deployment team) is 

considered to be reliable and a valid source due to their knowledge and experience.  

Even so, Burgman et al (2012) makes an addition that it is of great importance to understand that the 

expert judgement is a function of the expert’s personal experiences and beliefs, which could be 

considered as a limitation.37 Another limitation might be that previous research in the area is not 

comparable to satisfaction due to that there is no way to check the results since it is a live project 

and that details are classified in agreement.  

Our conviction is that the chosen method for risk analysis of AX Parts (Quantitative analysis through 

Monte Carlo Simulation) is a great advantage since it simulates a reliable and realistic scenario. Still 

the true validity and reliability of the model has to be tested in reality for an appropriate evaluation.  

Even so, since we have applied the theories of risk analysis of the dual factors on a live project and 

through the continuous discussions with the project deployment manager gives a higher credibility 

to our research result.  
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4. Results and analysis  
 

As the main objective of our study is the risks analysis of the two important parameters, time and 

costs, of the live project AX Parts in Scania which is about the creating a blue print solution for the 

spare parts process. The analysis and interpretation is being calculated through the tools of Monte 

Carlo simulation, for the simulation the Model Risk Software, which is the application of the Vose 

Software BVBA design for MS. Excel.  

 

4.1 Time function Analysis 

 

As initially the total time period of the project is 2956 working hours in which it is expected to be 

completed, which was being decided upon in the planning phase. The time plan consists of 16 

activities represented through the code AC, instead of its actual name due to the project activities 

classification agreements. Each activity consist and is associated to different requirements, 

stakeholders, departments, group and sub group associated to and its responsibilities, to be 

synchronized with the project goal and scope and most important to be completed within the time 

limit and budget assigned for it. 

 

As the initial step for the implementation of the Monte Carlo simulation is to assign the probability 

distribution to each of the activities. Having the nature of our study in mind, we implemented the 

triangular probability distribution. The most likely value is given in the database, through qualitative 

risk analysis (expert opinion). From the manager of the project Ax Parts, to each of the input 

activities (AC 1-16) the possible minimum and maximum time possible or expected to be completed 

was assigned. For example, in the case of AC1, which is one of the most significant activities related 
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to the project charter, planning and kickoff phase, the most likely time period for that activity is 64 

hours and there is a possibility that it could be completed 11% before (lower) and it could overrun by 

27% (upper) to the most likely time period. 

 

A after generating each input activities through the triangular probability distribution, the 

summation gives the total time of 3163 hours. This is the total time period of the project time with 

risk which shows that there is a possibility that the total time period of the whole project could 

overrun from 2956 hours to 3163 hours.  

 

In the second stage, after estimating the total time with risk, in order to calculate the probabilities 

corresponding to the different project time completion possibilities, we ran the simulation. We chose 

the sample size of 50.000. 

 

In order to have a more detailed and complete analysis we analyzed the result (output) at 5% and 

10% level of significance. Further we also calculated the probabilities for the estimated time period 

(2956 working hours) and the time period with risk (3163 working hours) for the Ax Parts project. 

 

The third step is to calculate and analyze the sensitivity analysis. As regarding the time function, 

which consists of 16 activities, in order to calculate which activity is more sensitive toward the total 

time with risk and to rank all the activities on the basis of its sensitivity, we use Tornado Plot analysis 

and the Spider Plot analysis.  
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4.1. Risk Analysis for working hours at 5% level of significance 

 

 

4.1. Risk Analysis for working hours at 5% level of significance 

 

From the figure 4.1 we can conclude from the simulation (histogram) that there is 90% probability 

that the project will be completed between 2953 hours and 3210 hours.  

 

Where there is 5% probability that the time period of the project will overrun beyond 3210 hours 

and on the lower limit is that there is 5% probability that the project will be completed before the 

time period of 2953 hours.  
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4.1.2 Risk Analysis for working hours at 10% level of significance 

 

 

 

4.1.2 Risk Analysis for working hours at 10% level of significance 

 

Next we made the analysis at 10% level of significance. From the result (figure 4.1.2) we can 

conclude that there is 80% probability that the project will be completed between 2979 hours and 

3181 hours.  

 

There is 10 % probability that the project will over run beyond 3181 hours, and there is 10% 

probability that the project will be completed before 2979 hours.  
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4.1.3 Histogram (risk) analysis at estimated and the project time with risk. 

 

 

Figure 4.1.3 Histogram (risk) analysis at estimated and the project time with risk. 

 

After analyzing the time period of the project at 5% and 10 % level of significance we analyze the 

actual time period with risk. The actual time period of the project is estimated to 2956 hours and 

where the time with risk is estimated to be 3163 hours.  

 

Form the figure (4.1.3) we can determine that there is 80% probability that the project will be 

completed between the time period of 2956 hours and 3163 hours.  

 

Through simulation, on the lower limit here is 5.49% probability or chance that the project will be 

completed before the time period of 2956 hours, which is the original estimate. This probability is 

quite low, and on the contrary the upper limit (maximum) there is a 14.49% probability or the 

chance that the project will run beyond the estimated time with risk, at 3163 hours.  
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4.1.4 Tornado Plot Analysis for time with risk 

 

 

Figure 4.1.4 Tornado Plot Analysis 

 

For the Tornado Plot analysis, all activities are being analyzed at the 90% conditional cumulative 

percentile. From the Tornado Plot we can conclude that the AC9, AC6 and AC2 are the most 

sensitive activities contributing significantly toward the total project time with risk respectively.  

 

This could be interpreted as if the time limit for the AC9 is kept low, from the 90 % conditional 

cumulative percentile the time period of the project completion will be around 3111 hours. On the 

contrary, if the time period for AC9 is high the project total time period of completion will be 3233 

hours in term of 90 % conditional cumulative percentile.  

 

The minimum and maximum time of the project completion by choosing the 90 % conditional 

cumulative percentile, is 3120 hours and 3235 hours. If the time period of the AC 6 is kept low and 

high respectively, this is the second most sensitive activity according to Tornado plot analysis. 
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4.1.5 The Spider plot Analysis for time with risk 

 

 

Figure 4.1.5 Spider plot Analysis for time with risk 

 

4.1.6 The Spider plot Analysis 

 

The Spider plot is also about the sensitivity analysis, which gives a more detailed analysis about the 

risks as compared to the Tornado Plot analysis. Each activity AC is being analyzed regarding the 

sensitivity toward the mean of the total time period of the project.  

 

The mean is the balance point of the histogram distribution by choosing the 90th % conditional 

cumulative percentile. From the Spider plot we can conclude that that AC6, AC2 and AC9 are the 

most sensitive activities, respectively contributing toward the total time period of the project with 

the risk, since they have steeper slopes with respect to the mean of histogram distribution as 

compared to the other activities.  
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4.2 Cost function risk analysis 

 

As discussed earlier, the total cost of the project is estimated to 3763 thousands SEK and consists of 

15 activities where the budget will be allocated, denoted by AC1-15 due to classification.  

 

Each of the activities is being discussed by the project team and stakeholders, and the range 

regarding the lower and upper budget for each activity. The range is being interpreted by the 

deployment manager through expert opinion and qualitative risk analysis tools for the triangular 

distribution. The summation of all the activities with risk gives the budget with the risk. The 

calculation gives 4035 thousands SEK which is above the budget estimated in the planning phase. 

 

In the next phase we carried out the simulation by deciding upon the sample size of 50.000, in order 

to have more precise results. This is being analyzed and interpreted at the 5% and 10% level of 

significance respectively, and the probabilities for the total budget and the budget with risk are also 

calculated.  

 

In the third phase we carried out the sensitivity analysis by utilizing the tools of Tornado plot and 

the Spider plot, in order to rank the all the activities on the basis of the sensitivity toward risk 

contributing significantly toward the estimated budget with risk. 

  



49 
 

4.2.1 Risk Analysis for budget at 5% level of significance 

 

 

Figure 4.2.1 Risk Analysis for budget at 5% level of significance 

 

From the simulation by taking 50.000 sample size at the 5% level of significance we can conclude 

that there is 90% probability that the project will be completed between 3750 thousands SEK and 

4089 thousands SEK. In the worst case scenario there is 5% probability that the project cost will run 

beyond 4089 thousands SEK, and in the best possible scenario there is 5% probability that the 

project will be completed below 3750 thousands SEK. 
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4.2.2 Risk Analysis for budget at 10% level of significance 

 

 

Figure 4.2.2 Risk Analysis for budget at 10% level of significance 

 

From our simulation at 10% level of significance we can conclude that there is 80% probability that 

the project will be completed between 3785 thousands SEK and 4050 thousands SEK. In the worst 

scenario there is 10% probability that the project will run beyond 4050 thousands SEK,  and on 

contrary in the best possible situation there is 10% probability that the project will be completed 

before 3785 thousands SEK. 
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4.2.3 Histogram (risk) analysis at estimated and the project budget with risk 

 

 

Figure 4.2.3 Histogram (risk) analysis at estimated and the project budget with risk 

 

The original estimate of the total budget for the project completion is 3763 thousands SEK, where 

the budget with risk is 4035 thousands SEK for the project completion.  

 

From the probability distribution through simulation we can conclude that there is 81% probability 

that the project will be completed between 3763 thousands SEK and 4035 thousands SEK. Given the 

worst scenario there is 13% probability that the project will overrun the 4035 thousands SEK, and in 

the best possible case there is a 6% probability that the project will be completed before the budget 

estimated initially, which is 3763 thousands SEK.  
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4.2.4 Tornado Plot Analysis for budget with risk  

 

 

Figure 4.2.4 Tornado Plot Analysis for budget with risk 

 

For the cost function, the Tornado analysis was being carried out at 90 % conditional cumulative 

percentile toward the distribution of the each activity AC1-15. From the Tornado plot we can 

conclude that AC3, AC13 and AC5 are the most sensitive activities contributing significantly toward 

the total budget estimated with risk.  

 

This can be interpreted as if the cost of activity AC3 is low,  the  total budget for the project 

completion will be around 3935 thousands SEK, where in contrast at the 90 % conditional 

cumulative percentile if the AC3 cost is high the project total cost of completion will be around 4137 

thousands SEK.  
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4.2.5 The Spider plot Analysis for budget with risk  

 

 

Figure 4.2.5 The Spider plot Analysis for budget with risk  

 

In the Spider Plot analysis for the cost function gives a more detailed analysis about the sensitivity in 

term of risk associated to and contributing significantly toward the final budget. The analysis is being 

drawn at the mean balance point of the histogram distribution. From the graph at the 90% 

conditional cumulative percentile, AC3, AC13 and AC5 are the most sensitive activities.  

 

 

 

 

 

 

  



54 
 

5. Discussion and analysis of result  
 

Regarding the risk calculation associated with the project AX Parts parameters the Monte Carlo 

Simulation is considered to be a very powerful tools. The analysis not only enables the project 

managers and decision makers to interpret the risks in term of its probabilities, but also facilitates 

the managers to get a clear idea and scale about all the activities in term of risk significance that the 

managers should focus on in order to mitigate or control for the competition of the project in term 

of cost and time. 

 

From the time function (process) analysis the decision makers can conclude that and anticipate that 

the total time period of the project AX Parts could be completed between the 2956 and 3163 

working hours. The managers or decision makers might consider different alternatives regarding the 

resources in term of working hours that is required on the basis of our calculation. 

 

Form the sensitivity analysis regarding the time function, the managers can interpret that AC6, AC9 

and AC2 are the most sensitive activities. We can conclude that they are the most volatile activities 

regarding the risks, and the managers might reconsider in order to mitigate or to control it to follow 

the overall risk strategies at Scania.  

 

AC6 activity is related to the development of the AX Parts system and its readiness to be 

implemented. It consists of a number of sub activities and different stakeholders, which are being 

classified at the moment. Even so, from our analysis we conclude that there are some major 

opportunities to revise and evaluate existing practices and processes of AX Parts. The nature of AC6 

is related to the implementation phase, and since it is quite hard to do the changes when the project 

already is implemented, it would be of great worth to reconsider the risk associated with the AC6 

from the beginning the planning phase.  
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Most of the activities in AX Parts are classified, but our analysis regarding the risks associated to 

different activities shows that AC6, AC9 and AC2 are the most sensitive. These activities are all 

associated to development, migration, and the requirement specifications in the blue print solution, 

which also are interrelated to each other regarding different parameters.  

 

The project AX Parts is the creation of a blue print solution, and it is very IT intensive which was 

found very significant in term of sensitivity from the Spider plot analysis. The result from our analysis 

shows that the risk associated to the IT-intensive processes and that there is need for 

reconsideration regarding the risk assessment to control that the project run beyond the estimated 

time. Our result simulates more a meaningful result, as compared to the qualitative analysis which 

was used in the planning process, and therefore our result is more relevant to consider in order to 

align with the overall risk strategies of Scania. The same conclusion can be made for the other 

activities, for instance AC9 and AC2, which are the following activities ranked in our sensitivity 

analysis.   

 

Our other function was about the cost function of the project AX Parts, which consist of 15 activities, 

which are being analyzed and simulated systematically by optimizing the tools of Monte Carlo 

method. From the analysis we conclude that the project AX Parts could cost 4035 thousands SEK, 

where the initial estimated budget is 3763 thousands SEK, and there is 81% probability that the 

project will be completed between these budget limit.  

 

We can also conclude that the project manager or the decisions maker may reconsider that project 

might cost around 4035 thousands SEK, and plan for budget resources and the cash flow for the 

successful completion of the project parameters.  
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There is also a very small probability of 6.46%, that the project will cost 3763 thousands SEK or less. 

In the worst scenario there is only a 13 % probability that the project will overrun the budget of 4035 

thousands SEK with risk.  

 

From the sensitivity analysis of the activities of the cost function we can conclude and analyze that 

AC3, AC13 and AC5 are the most sensitive in term of risk associated with it and contributes more 

significantly toward the final budget risk simulated, as compared to the others activities. Since all of 

the activities regarding the project budget are classified, but information and feedback from the 

deployment manager, AC3, AC13 and AC5 costs are related to and associated with the AX Parts blue 

print development, services related to support and structure, the testing of the solution and 

prototype. Since all these parameters are also interrelated and strongly related to the overall success 

of the whole project, it is of crucial importance to reconsider the risk mitigation plan as these process 

and sub process has a higher significance toward the final budget estimated with risk to reduce the 

total cost.  
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6. Summary and conclusion 
 

The overall Scania risk management structure is divided in to five categories. The parameters of time 

and cost which we calculated, was for one specific project and we used the quantitative tools for this 

case study. These parameters in the risk strategy of Scania are related to financial and operational 

departments of risks, but also closely integrated to overall and other risk departments in the 

organization of Scania. When analyzing the risk in a specific project both internal and external factors 

must be covered.  

As compared to other risk analysis methods, through the Monte Carlo simulation the managers are 

in a better situation to provide a depiction of the risks associated to a project since the risk is 

presented in term of probabilities. By this method they will also be in a better position to analyze and 

identify the risk opportunities and threats related to the completion and total budget of the project, 

since a qualitative method can’t facilitate the decision managers in the same way to take the pro-

active approach. This relates to the effective and optimally utilization of the resources associated to 

the different activities and facilitates the management. Significantly it is related to the dynamics of 

the incident management (time delay or budget overrun) which ultimately lead to improve the 

stakeholder’s confidence and corporate governance.  

Through the quantitative risk analysis it is possible to perform a sensitivity analysis. From the 

sensitivity analysis, of time and cost function activities in AX Parts, it is also possible to analyze that 

the activities are not only correlated but also have impact on the different stakeholder requirements 

and the project major milestone and parameters.  
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Evaluation for AX Parts 

When it comes to Scania and the project AX Parts, it is always of high importance to revise the time 

plan and budget for continuous improvements. Regarding our results in the analysis of the cost 

function, the total budget with risk is 4035 thousands SEK which close to the qualitative estimate of 4 

million SEK being discussed in the description of project in the planning phase. In terms of validity 

this is synchronized to the total cost analysis which we have calculated in terms of probabilities. The 

activities of time and cost functions are also interrelated, for instance from the sensitivity analysis 

the activity related to the blue print development are the most sensitive in term of risk significance 

for both the time and cost functions. The benefit of doing the quantitative risk analysis in addition to 

the qualitative risk analysis (mixed approach) in the project AX Parts is that we provided a concrete 

figure of the total budget with risk and we performed a sensitivity analysis to guide the project 

deployment team to prioritize when allocating resources.   

 

The information regarding the data set on which we built our functions for time and cost is classified 

but since we have simulated a “priority list” for the project AX Parts the total project cost with risk 

can be reduced by applying the existing policies and practices for risks in the business development 

department of Scania. Our risk calculation shows that the project deployment team has estimated a 

sufficient amount of time in the time plan, and there is a 13 % probability that the project might 

overrun the budget with risk. For further analysis, the project AX Parts might focus on the significant 

activities from our Spider Plot analysis in order to reduce or mitigate the overall risk. 

 

Regarding the benefits for the project AX parts at Scania, we have presented a concrete picture 

regarding the risk since we present it in probabilities of occurrence of the risk associated to the 

project. Since our results are interpreted in term of probabilities it proactively facilitates the 

deployment manager regarding the risk management plan, which involves the process of 
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identification, evaluation, mitigation and review of existing practices. The results from our sensitivity 

analysis also provide an idea about how to allocate clear roles, responsibilities and accountabilities 

for the assessment of risk in each specific department. The strength of our result in probabilities is 

that it raises awareness of risk impact in the specific activities related to the different departments. 

The risk mitigation plan depends upon the risk policies and the organization structure, through which 

the decisions regarding these sensitive activities being simulated has to be revised and reconsidered 

in the planning phase or in the initiating phase of the project.  Otherwise the cost might be hard to 

monitor and control which might lead to that Scania has to invest more recourses into the project of 

AX Parts. By implementing the risk mitigation plan milestones and process responsibilities will get 

clearer.  

 

Validity of result 

In order to have the validity analysis of our result, the qualitative approach was utilized by mainly 

based on the feedback from the project manager due to the limitation of classified information. 

 

The functions are analyzed separately since they consist of different activities, but the result from 

the two analysis shows that the most sensitive activities in terms of risk are related to the same 

processes in the project of AX Parts. This might be seen as a logical relationship, since the investment 

Scania makes in a new blueprint solution in an IT project where the development of system structure 

is the main task and demands a high amount of working hours and resources.  

 

One of the most important limitations of our study was that the project activities were classified in 

agreement, but from our result through sensitivity analysis we identified the most significant 

activities in terms of risk were related to and associated with the AX Parts blue print development, 

services related to support and structure, the testing and migration, and the requirement 

specifications. In order to have the validity analysis of our result, it was crucial for our analysis to 



60 
 

cross check our results with the project deployment manager. Due to classification we were not able 

to get to do a complete cross check with the projects documents, but from the continuous informal 

dialogue we can conclude that our results are in general the same as what has been discovered 

through the risk management system and existing practices of Scania. Therefore the validity of our 

results is considered to be satisfactory.  

 

Particular risk analysis of both time and cost 

Since the function of time is calculated in the amount of working hours needed and the cost function 

is calculated in terms of different resources. Regarding the cost function the risk is more related to 

the external risk factors, and the time function the risk is related to internal risk factors. If the 

functions were calculated with the same factors in terms of risk, further analysis by comparing the 

two functions could benefit the organization since that opens up for an even deeper understanding 

about the significant risk aspects and dynamics. However, the results from the sensitivity analysis for 

time and cost in our case study shows that the activities with the highest risk are related to the same 

areas in the project, which gives even more strength to the “ranking scale” for the activities 

regarding its risks. This means that if the organization assesses the most prioritized risks it will have a 

positive impact on several levels as a total outcome. By analyzing the time and cost at the same time, 

in parallel, the organization can benefit through the strategy that they do the right things at the right 

time. In our case study, the determinants in the time function is not the same as in the cost function, 

but by considering the risk analysis results where the quantitative tools has assigned probabilities to 

the identified risks still provides a unique benchmark regarding its risks in term of its activities, which 

help the project manager and stakeholders to make even better decisions to ensure their 

investments.  
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Suppositions 

Since one of the goals of our thesis was to show that the theory of quantitative risk analysis can be 

applied to a real world project, and also show some helpful results from the calculations, in this case 

study we have concluded that there is always a need for continuous reviewing of existing practices 

for continuous improvement regarding risk assessment, considering both internal and external 

factors.  

 

Regarding Scania, the organization has a risk management system to cover the overall risk. When it 

comes to AX Parts they consider internal risk factors by using qualitative risk analysis. Since the 

deployment team estimated the total time to be 2956 working hours and the total cost to lie around 

4 Million SEK, they have received a similar result as from our calculations regarding risk. In general, 

the project of AX Parts can be considered to be a small project and usually the risk analysis through 

qualitative tools is optimal in term of resources.  An advantage to use the qualitative risk analysis is 

that it can be done and executed by the managers or associated persons at different levels already 

working in the project.  Regarding the quantitative risk analysis, resources outside the project might 

be needed which increase the total cost and time for project completion. The resources required to 

perform a quantitative risk analysis usually cost more (especially in the beginning when modelling) in 

term of resources, expertise and consultancy etc., which might be too high if the solution only 

concern one business unit. Yet, in an overall perspective it might be worth to consider undertaking 

the quantitative risk analysis since the project AX Parts consist of developing a new blueprint solution 

but also to implement the solution in all their business units, but that area of research is out of scope 

in this thesis. 
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