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C.  Abstract 
 
This thesis will explore and discuss the challenges small enterprises have in establishing 

business expansion project costing for decision making. The primary focus will be 

establishing suitability of Quantitative Risk Analysis to capture project cost risks when 

project parameters are new, not fully developed, data is vague, and design is partial.  

 

Quantitative risk and decision analysis are mature tools but are not common for small 

enterprises.  Quantitative risk analysis is a non-traditional cost estimation tool that is 

especially useful when costs are at an early-project level, design is low-level, and 

feasibility is most uncertain.   Probability functions grapple with the cost risk issues by 

mathematically expressing likelihood of different possible cost outcomes. Through 

applying quantitative risk analysis to a small business expansion project the tools 

suitability is evaluated for application in a small business enterprise.   

 

These tools are in fact very valuable to the small business environment in that it can 

offset the intuitive and optimistic nature of the entrepreneur.   Small business is 

inherently sensitive to cash flow, they have less capital, and less ability to absorb realized 

cost risk.  Capturing cost risk through Quantitative Risk Analysis aides the small business 

decision-making process like no other tool can and is therefore very suitable from the 

pure utility perspective.  However, knowledge of the tools, access to the tools, cost of the 

software, along with the instruction and learning curve on their use, may limit their 

acceptance.  



1 Introduction 

 
Making good decisions is the foundation of successful business activity.  High quality cost 

estimating prior to undertaking business decisions is essential to assuring the decision-maker is 

armed with the best data.  Following a successful business start-up, steady market growth, and 

solid earnings a small business must decide whether to take further steps to expand business 

through growing its market, product offerings, or improving supply chain.  The business 

expansion project decision is fraught with many complicated choices to consider but at the 

forefront of the decision is determining and evaluating the costs that will help establish pay-off 

and return on investment.  This study examines the use of stochastic non-deterministic cost 

estimation and decision modeling tools in the early design and development phase of a small 

business expansion decision to go from sales and service to a full-fledged production facility.   

 

Section one will contextualize and demonstrate the need for this study through an introduction to 

what small businesses are, their value to economies, small business rate of failure and 

consideration of why they fail, why business expansion project cost estimation is critical to 

effective decision making, and the proposed solution.  Monteriva Kaffe AB will be introduced, 

their business background, and the business expansion decision they are currently considering.  

Goals and objectives of this study are outlined along with the scope, limitations and 

delimitations.   

 

Section two will discuss the methodology framework for the study and the explorative, 

qualitative and quantitative elements of the work will be described.  The study techniques, and 

the reasoning of their selection will be reviewed.   

 

Section three will provide a literature review of the current traditional and deterministic cost 

estimation methodology and decision making theory to help to frame the issues around small 

business expansion.  Cost estimation and decision-making tool best practice will be explored and 

highlighted. Non-traditional quantitative risk analysis application to cost estimating and decision 

analysis will be researched, explained and reviewed. 
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Section four discusses the decision making at Monteriva Kaffe, and the expansion project fact 

gathering process.  The challenge of finding quality data and a description of the fieldwork is 

provided.  Process of collecting data, from a participant observation outlook, will reveal the 

development of project parameters and constraints as revealed by working through the project 

elements.   

 

Section five the traditional cost estimation is performed and along with non-traditional 

quantitative cost risk analysis are applied along with application in a decision model.  The 

outcomes of the two estimation methods are revealed and the results will be analyzed.  The use 

of decision tools for a small company will be considered. The business owner will be 

interviewed for feedback.  Implications and appropriateness of decision tools for small 

businesses will be discussed. 

 

Section six conclusions are drawn, pitfalls discussed, and recommendations for future research 

made.  Section seven provides the references and section eight the appendices and visualizations 

of costing spreadsheets, decision trees, and Monte Carlo Analysis. 

 

1.1   The Small Business and Their Value 
 
Small and Micro Business Enterprises are heralded across nations and continents as being 

fundamental to growing economies.  As recent economic downturn and instability shook the 

foundations of the world economy, Europe and the United States have placed particular emphasis 

on the importance and economic power of small business.  Small business is often referred to 

throughout literature as the backbone of national economies, the economic engine of their 

respective country responsible for creating jobs, expanding economic opportunity, producing 

property, sales tax revenue, and generating shared wealth (European Commission 2005, 

Christiansen et.al. 2010).  In the European Union over 98% of all business is micro and small 

business and is credited for being indispensable drivers of the economy and cradles of innovation 

(ESBA 2011).   
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Composition of Business Sizes in Europe Union-27 

Figure 1:  ESBA 

 

The European Small Business Association (ESBA) defines micro business entities as having less 

than 10 employees and/or 2 million euros in annual revenues.  Small business is defined as 

having less than 50 employees and/or 10 million euros in annual revenue.  The United States has 

a broader definition of small businesses delimiting the small business category to less than 500 

employees but then tightens the definition of micro entity to being less than 5 employees.  The 

outcome is 99.7% of all businesses in the US are small and micro business enterprises. 

 

 

Enterprise	
Category		

Head	 Count	
EU	Standard	

Head	 Count	
US	Standard		

European	
Total	
Turnover		

United	
States	 Total	
Turnover	

small <50 <500 <€ 10 million Varies by 
industry 

micro <10 <5 <€ 2 million Not 
evaluated 

Figure 2:  European Small Business Association, Association of Enterprise Opportunity 

 

Micro entity and small business value has a significant economic impact on a national scale in 

both Europe and the United States.  When combined they account for 46% of non-farm US 

Gross Domestic Product and 58% of the European-27 Gross Value Add (GVA) (European 
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Commission 2005).  (GVA versus GDP:  the sum of GVA at basic prices over all industries plus 

taxes on products minus subsidies on products gives gross domestic product.  GVA of the total 

economy usually accounts for more than 90 % of GDP (European Commission 2013).) 

 

The importance of small business success and contribution to national economies has recently 

been identified and amplified by both the US and EU and manifested into action by the European 

Commission’s Small Business Act of 2008 and the US’s Recovery and Reinvestment Act of 

2009.  These governmental support drivers are aimed at assisting small business to grow through 

removing small business development barriers wherever possible while providing subsidized 

loans to stimulate small business growth.  Lack of access to funding and insufficient capital are 

not only restrictions to business expansion but are also cited as a cause of business failure:  

‘Business failure is then strongly related to financial distress and a failing firm is often defined as 

a firm that can not meet its financial obligations (Crutzen 2011).  As financial distress is an 

overarching source of business failure, getting into financial distress must be considered. 

Generally, many sources attribute financial distress and eventual business failure to poor 

management skills and therefore, decision-making (Christiansen et al 2010).   Therefore, a 

decision on spending relatively large sums of money to cover business expansion costs carries 

significant risk for the small business. 

1.2 The Problem of Cost Uncertainty for Small Business 
 
The economic crisis has led to recognition for, and support of, small business development.  The 

failure rate of small businesses increased during the recent recession and it continues to be quite 

high.  Current data on business failure rates are reported through a US Census data report and 

reveal that 31 percent of “new employer establishments born to new firms” in 2000 failed after 2 

years, and 49 percent failed in 5 years. Failure rates were similar across states and major 

industries. Bureau of Labor Statistics data on establishment age show that 49 percent of 

establishments survive 5 years or more; 34 percent survive 10 years or more; and 26 percent 

survive 15 years or more. (NSBA 2011) 

 

As failure is most likely within 10 years what happens within the business to cause failure?   

Perhaps the overarching cause of small business failure can be best summarized by Nathalie 
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Crutzen (2011), in her Essay on the Prevention on Small Business Failure.  She said, “small 

businesses begin a failure process when their leadership does not adequately recognize, 

anticipate, avoid, eliminate or adapt to both external or internal forces that are a risk to their 

long-term survival” (Crutzen 2011).  As Crutzen describes it, she is pointing out that small 

businesses have not calculated the probabilities of uncertainty nor prepared for them, as they fail 

to recognize and anticipate forces that are survival risks.  Essentially, the line can be drawn that 

business failure is the result of decisions made under conditions of uncertainty.  This begs the 

question of why are so many small businesses not making good decisions, not managing 

uncertainty, and ultimately failing? 

 

Small business owners are often entrepreneurs and typically are people who have a skill, 

knowledge, or love for a hobby that drives them to develop a business around that skill, 

knowledge or hobby (Balderson 2011).  Entrepreneurs are often not business professionals, and 

often have little to no business training.   There are fundamental differences between 

entrepreneurs and business managers.  Entrepreneurs are creative, independent, and idea-

oriented, whereas managers possess strengths in problem solving, working with others, and 

developing strategies (Balderson 2011). A root cause of small business failure is incompetent or 

inexperienced management (Balderson 2011).   

 

Small business owners and their personality type have been closely studied in recent years and 

some of the evidence points to small business owners as overly optimistic (Ucbasaran 2010).   

Lack of business knowledge maturity coupled with their optimism can create a risky recipe for 

poor, biased expansion project cost estimations and thus lead to poor decision-making. Karekar 

(2013) attributes cost estimating failure and cost overruns to imperfect cost estimation 

techniques, inadequate data, and lack of experience by the forecasters or estimators.  He also 

suggests that developments in social science validate that humans in general are more optimistic 

than realistic.    

 

Decisions can, therefore, frequently be made heuristically, impulsively with poor quality 

qualitative information that is often optimistically biased, and largely non-quantitative, 

unanalyzed and non-scrutinized through use of robust management tools. Torres (2005) goes on 
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to describe the classical small business manager decision processes to be intuitive and 

reactionary. Torres can be quoted saying a small business concept is characterized by being 

“small in size, centralized management, low level of labor specialization, intuitive and short term 

strategy, simple and informal internal and external information systems, and a local market.” 

(Torres 2005)  

 

Crutzen (2011), through her doctorate work found summaries of the most common 

characteristics of small firms as follows to help define qualities of small businesses: 

 These firms are organizations of “small size”. Referring to the resource-based theory of 
the firm, the quantity of available resources (immaterial, human, technical and financial 
resources) in these firms is thus small compared to larger firms. 

 In most cases the power is centralized to one person, the entrepreneur the chief executive 
or the owner himself. Small businesses are thus generally under the preponderant 
influence of one individual who is at the center of the firm: organizational activities 
largely depend on the personal tastes, experiences and competences of this individual 
who is able to control other agents within the firm by direct supervision and who is 
generally responsible for the various aspects of the management of the firm (strategic, 
commercial, operational, financial aspects, etc.). 

 Due to their small size, these organizations are 'structurally simple': 
o There is at most a loose division of labor, a small managerial hierarchy and hardly 

any formalization of behaviors and activities. 
o The strategy is intuitive and/or little formalized. 
o The internal and external information-systems are relatively simple. There is no 

formal and written mechanism to transfer internal or external information: the 
entrepreneur directly discusses with workers, customers, bankers, etc.  

 

Decision making for higher risk expansion endeavors to facilitate significant growth can be 

complicated with many variables.  The tools and experience don’t exist in many small business 

managers tool portfolio for solving complicated decisions. Small businesses are especially 

sensitive to bad outcomes from decisions made with poor quality information and cost 

estimation.  The National Small Business Association (NSBA) in the US states that at current 

average debt to income ratios in small businesses, most small businesses have a 15-day business-

operating window between death and survival due to cashflow (NSBA 2011). 
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Affordable capital resources can be very difficult to obtain due to low asset ownership.  In the 

tough financial times of the current business world accessing lenders for small businesses can be 

very difficult. The NSBA (2011) reports that in the last four years 43% of small businesses 

reported being unable to find any credit at all.  NSBA (2011) goes on to show that 29% of 

businesses saw their credit access reduced with 60% of the reasons being internal bank 

assessment of risk with small business lending. Lack of financing for small businesses not only 

reduces access to cash for expansion but limits cash flow.  Cash flow is coupled with the 

economic stress throughout the economy and in turn it is difficult to get payments from clients, 

especially in business-to-business sales. 

 

Due to the typically high level of capital investment in business expansion projects, cost 

estimating is a very critical area to consider the project risks and uncertainties carefully.  Gregory 

Nolder (2009), in his white paper states “Cost overruns are often caused by ignoring the 

uncertainties and risks inherent in the project.” Difficult access to capital and short cash-flow 

windows leads to high-sensitivity to cost overruns and further elevates the need for the small 

business to have thorough and robust cost estimation.  It should include high quality cost data 

collection but also factors of project risk and quantified cost probabilities.  This will not only 

help small business owners make decisions that have the highest probability of positive project 

outcome and completion within expectations. It will also show risk savvy lenders project cost 

estimations that include quantified, measurable outcomes. 

 

Uncertainty and risk as terms in and of themselves are a slightly slippery concepts and must be 

defined.  John Schuyler in his book, Risk and Decision Analysis in Projects, states simply 

“uncertainty is a risk that can have a variable outcome both good and bad” (Schuyler 2001).   He 

expounds that risk should be assessed for known unknowns, as well as for unknown unknowns 

(Schuyler 2001). Donald Rumsfeld presented this concept of risk assessment and qualification in 

an interesting but conceptually effective way when the US government was pursuing war against 

Iraq in the very early 21st century:     

“There are known knowns; there are things we know that we know.  There are 
known unknowns; that is to say, there are things that we now know we don't know.  
But there are also unknown unknowns – there are things we do not know we don’t 
know.” —United States Secretary of Defense, Donald Rumsfeld, Feb. 12, 2002  
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This premise of risk and uncertainty expressed by Rumsfeld can be further elaborated by 

including the things we think we know that are in fact unknown (or our supposition is wrong).  

Regardless of what decision one is faced with, the unknowns are what create uncertainty and are 

what must be managed to make the best decision possible.  Having a tool to help measure, 

quantify and account for the known unknowns, unknown unknowns, and incorrect known’s 

would be a tremendously valuable tool to guide the small business decision maker on potential 

cost risks. 

1.3  Hypothesis for Managing Cost Uncertainty  
 

It can be concluded then that small businesses are extremely important to supporting the major 

world economies alike and have been recognized as such by researchers and targeted for support 

from governments.  Small businesses are born from entrepreneurial optimism and enthusiasm 

every day.  And they die, at least in part, from unsophisticated managerial skillset and the 

economic impact of poor decisions under forces of uncertainty. 

  

The hypothesis proposed to traditional cost estimation and expansion project feasibility studies is 

the use of qualitative expert opinions and then quantify those opinions through stochastic 

analysis model to achieve the best decision alternatives. These decision alternatives will be 

structured through application of a decision tree model for added format. The business expansion 

project will be cost estimated (to the highest expert-judgment accuracy level possible given time 

constraints) further processed by successive approximation and analyzed by applying stochastic 

principles to them.  This exercise may prove to be a valuable tool by identifying measurable 

discrete risk events as well as impacts of risk events with high visual representation of decision 

alternatives.  Not only does it create structure for seeing and evaluating the assorted decision 

choices, it can apply parametric stochastic analysis to the decision chance nodes allowing for a 

quantitative conclusion to be drawn from varying degrees of qualitative data. 

 

Part of the hypothesis is to consider quality of data and to drill down to what can be truly 

classified as an uncertainty.  The decision process, and structuring that process in a formal 
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fashion involves cost estimating and risk identification but these alone are not the solution.  

Applying successive principle to create a deterministic estimate based on expert cost data input 

followed by calculating expected value through Monte Carlo simulation reveals a non-

deterministic normal distribution curve that can truly reveal cost accuracy probability. 

  

Information on small business use of non-traditional cost estimation techniques such as Monte 

Carlo Model appears to be nonexistent.  The application of decision analysis process is well 

studied and much research can be found but implementation and implications for small business 

expansion project decision-making does not.  Application of these tools will provide the small 

business owner, and their lender, with data that is non-deterministic and considers the risk and 

probabilities of cost outcomes. 

 

Different stages of decision process will have different uncertainty levels (Chapman 2001).  At 

the early design and feasibility stages of a project uncertainty is at its highest (Chapman 2001).  

Using qualitative fact gathering and quantitative measurement the small business, such as 

Monteriva Kaffe, will have the best-practice analysis of cost data for making the decision to 

move forward with the business expansion project or not, as well as have the highest quality cost 

data for applying for financing.   

1.4  Background of Monteriva Kaffe Business Expansion Project 
 
Monteriva Kaffe AB, is undergoing rapid growth in the coffee bean and coffee equipment sales, 

rental, and service.  The coffee products they have developed are 7 varieties of filter/drip coffee 

and 6 varieties of espresso.  A large array of coffee brewing machines, espresso machines, and 

grinders of various sizes are available to meet the individual clients requirements.  The primary 

customers are café’s, restaurants, and company offices.  Monteriva’s goal is to provide 

everything the coffee brewer might need:  from the equipment to make coffee, the service to 

maintain that equipment, the accessories to support the coffee making process, the beans in their 

various formats, the serving accessories, such as disposable cups and covers, porcelain cups and 

saucers, cleaning detergents, brushes and equipment including dishwashers.  Their niche is 

supplying the highest quality level possible of coffee and equipment as well as responsive and 
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prompt customer service including same day product delivery and they assure immediate 

equipment repair or replacement.   

 

Sales of coffee beans are the primary revenue driver and the sales quantity has now reached 155 

metric tons of roasted coffee annually.  Given current growth trends and sales forecasting 

Monteriva expects to double its market share and sell approximately 300 metric tons of in the 

next 5 years.  Currently, all Monteriva coffee beans are purchased from two Italian coffee bean 

roasting companies.  These companies procure the green bean varieties, store, blend, roast, 

custom package, and deliver the saleable coffee bean product to Monteriva.  Monteriva then 

stores and sells the beans to its customers.   

 

Now Monteriva would like to expand its business to include roasting coffee.  Business expansion 

is a complicated decision and Monteriva’s embodies the addition of the business process of 

production to its sales and service processes.  Monteriva would like to peek into the future, and 

see what the probable cost outcome of the project to help them make the best decision for the 

highest return on investment.  A crystal ball with oracle capability does not exist, but it is not the 

first time a small company has been looking to take a bold new step. 

 

A logical beginning is to consider what will be gained by the expansion.  The first and most 

obvious is the direct increase to profit margins that can be made from performing the coffee 

roasting process in-house. Rather than pay someone else at a mark up to buy green beans, blend, 

and roast the coffee, Monteriva would do it themselves.  Their business revenue streams will be 

diversified, and our overall business model strengthened. 

 

Second is quality control of the coffee processing.  Quality of coffee can be very closely 

monitored and regulated assuring only the best product quality for our customer.  Today´s 

competitive marketplace demands quality and coffee quality is the branding that Monteriva 

strives to represent.  Selecting our their green beans from the best suppliers and then managing 

those beans until they are delivered to the end-user will help them improve and maintain quality 

while protecting and nurturing our branding. 
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Third, innovation of coffee blends and products can be actively pursued.  The coffee market and 

the customer palate can evolve and shift.  The ability to roast their own coffee enables them to be 

nimble and quick to respond to market demands, but also allows them to innovate new blends, 

creating their own unique and therefore value added coffee products. 

 

Fourth, packaging their own coffee will enable them to more closely manage product sizing and 

package imaging.  Custom tailoring package sizing to maximize ease of equipment and brewing 

process for their customers will increase their efficiency, resulting in a more satisfied client.  

This could be a unique business angle for them in the custom high-end commercial coffee 

delivery scheme. 

 

Fifth, having their own roasting facility that is thoughtfully presented right in front of our 

customers at the showroom could be a significant marketing strategy.  Customers will be able to 

see the coffee they are buying being made as they stand and watch.  The coffee roasting and 

blending process can be explained and the concept of high quality custom product can be 

imparted on the customer.  The customer relationship will deepen and customer loyalty can be 

fostered. 

 

Roasting coffee onsite at the Monteriva facility is a business expansion project that can help take 

Monteriva Kaffe to the next level.  Image and brand will be unequivocally paired with 

commitment to quality.  Innovation and production capability will allow for responsiveness to 

changing and growing customer demands.  Monteriva will be well positioned to develop and 

expand resulting in increased market share, a more resilient and diversified business model, and 

a more profitable business. 

 

Monteriva has experienced significant sales growth over the last several years and is now 

planning for business process expansion.  Their business size has recently grown in classification 

from micro entity to small business based on their overall annual revenue growth, but they still 

have fewer than 10 employees.  Despite that the owners are entrepreneurs and their business is 

small, the positional roles are becoming increasingly specialized and strategy and information 

systems are becoming more sophisticated as they move toward trying to take the business to the 
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next level (e.g. the use of local university thesis program to assist with the costing and planning, 

the specialization of roles, more strategic and less intuitive use of information).  They are a 

successful reseller of coffee and coffee equipment including equipment rental and service, they 

have been for several years, and they are poised to grow.  

 

As part of Monteriva’s growth they are faced with many uncertainties around their business 

expansion decision.  Their most profitable business revenue stream is the sales of coffee itself.  

Currently all coffee is bought from an Italian roaster.  It is essentially a classic make-or-buy 

decision:  Should Monteriva continue to buy their coffee ready to sell, or should they build their 

own coffee roasting plant and produce their own roasted coffee?  To become a coffee roaster is 

the addition of an entire new business process of product production to their current processes of 

sales and service.  The questions to identify all the elements of the project are many, and sorting 

the questions and their affiliated risks out in a structured format leads to creating an entire 

decision analysis process.  Following collection of the various expansion alternatives and 

affiliated risks the project cost will be analyzed in the more dynamic non-traditional and 

quantitative manner.  The costs of the project will be estimated from an early development and 

design stage perspective in a traditional format, and then those costs will be scrutinized with the 

less traditional cost quantification model of Monte Carlo analysis.   

1.5  Objective 

The thesis objective is to test the use of successive approximation cost estimation, stochastic 

Monte Carlo analysis, and decision tree analysis for business expansion project planning in small 

companies.  Through application of the decision-tree analysis, successive approximation of cost 

estimation and stochastic quantification the decision alternative variables and costs of the various 

project delivery options will be captured both qualitatively and quantitatively. It is proposed that 

this process will yield decision-making assistance to determine feasibility of building a new 

coffee roasting facility.  The measured outcome of the decision tool application will allow for 

solving the question of suitability for the decision tool in small company business expansion 

project decision-making.  Ultimately, the goal is to introduce a new way for small businesses to 

estimate costs at conceptual and early project level planning phase so that cost risk probabilities 
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are clearly understood and hence the most qualified decision on advancing the project is 

possible. 

1.6 Scope and Delimitations 

Thesis project scope includes the following steps to test the impact of Quantitative Risk Analysis 

on decision quality: 

 Review small business definitions and characteristics, cost estimation literature, decision-
making, decision analysis process and models, and Quantitative Risk Analysis with 
Monte Carlo. 

 Evaluation of coffee processing and packing equipment and associated estimated costs at 
a low level of design and conceptual development level.   

 Decision tree analysis of expansion cost, successive calculus cost approximation, and 
Monte Carlo analysis for aiding decision-making.   

 Comparison of traditional decision and cost modeling experience against non-traditional 
methodology. 

 Evaluation of data quality and quality data gathering process for low level, early project 
design and conceptual development level. 

 Evaluation of the suitability of decision analysis, successive cost approximation, and 
Quantitative Risk Analysis with Monte Carlo in small business expansion projects. 

 

Thesis project delimitations:   

 This study will not consider broader topic of risk management planning, cost controls, or 
the less tangible element of marketing value for branding through the potential intrinsic 
utility values such as showroom style production facilities and the owners Expected 
Utility (EU).    

 Long-term production facility planning and production quality parameters will not be 
included in this work.   

 The broader scope of decision analysis process, decision policy, decision valuation 
modeling outside of cost estimating influences and quantitative analysis are only touched 
upon for framing the expansion decision concepts.   

 Multi criteria decision-making and other decision models will not be considered.   

 Uncertainty in safety risks affiliated with plant equipment, operation, and fuel sources are 
not considered. 
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2 Methodology 

Using an explorative thesis approach the process of cost estimating, estimate analysis, and 

decision tool building is first performed qualitatively and then quantitatively through a 

perspective of a participant observer.  An exploratory thesis as described by Allen Brizee at 

Purdue University (2010) is a retrospective of an individual’s writing and thinking process as 

they work through a problem. It describes when, how, and why one completed certain types of 

research. This kind of writing is about how one works through the problems that require writing 

and research.  It is introspective and involves thinking about your thinking process to be a well-

written explorative essay (Brizee 2010).  Explorative methodology is a good fit for using the data 

gathering process of participant observation. 

 

Participant observation is the process enabling researchers to learn about the activities of the 

people under study in the natural setting through observing and participating in those activities. 

Schensul, Schensul, and  LeCompte (1999) define participant observation as: 

"the process of learning through exposure to or involvement in the day-to-day or routine 

activities of participants in the researcher setting". 

Dewalt and Dewalt (2002) suggest that participant observation be used as a way to increase the 

validity of the study, pointing out that observations may help the researcher have a better 

understanding of the context and phenomenon being study. Validity is stronger with the use of 

additional strategies used with observation, such as interviewing, document analysis, or surveys, 

questionnaires, or other more quantitative methods.   

 

The thesis will aim to assess suitability of Decision Model and Quantitative Cost Risk Analysis 

by asking the following questions: 

1. What are the expansion project key decision points and their relevance to outcome? 
2. How will a decision tree model improve the decision making process? 
3. What will the traditionally estimated cost of the business expansion project be? 
4. Will quantifying the project cost with non-traditional Approximation and Monte Carlo 

Analysis affect the traditional cost estimate and decision process? 
5. How suitable is using the non-traditional quantitative tools in the small business 

environment for early design level expansion project decisions? 
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All potential decision alternatives and their affiliated costs regarding building a coffee roasting 

facility will be identified using a qualitative process.  Decision alternatives, chance nodes, and 

probabilities will be brainstormed with senior manager, business majority owner, and industry 

expert Tommy Winberg.  Costs associated with each decision alternative will be estimated 

through obtaining bids from vendors and service contractors, or best available expert judgment 

available within time restrictions to produce a traditional business expansion project cost 

estimate. 

 

Estimates will be approximated with using the Lichtenberg Successive Principle modified 

equation of Program Review Evaluation Technique (PERT).  Pessimistic, most likely, and 

optimistic costing will be developed based on level of expert value placed on the different cost 

elements.  The cost outcome will then be simulated using Monte Carlo Analysis normal 

distribution to reveal probabilities of outcomes.  Decision alternatives and their new 

approximated expected value will be used to augment and assist decision makers decision events 

align for the best overall decision.   

 

Following completion, Tommy Winberg will speak to the suitability for his company in using 

the cost estimation with successive principle PERT, decision tree, and Monte Carlo model 

application versus traditional analogous estimating.  Recommendations for potential 

modifications or simplifications to enhance suitability of decision analysis and stochastic 

methods for small companies will be sought. Pitfalls and risks of decision and stochastic tools 

versus traditional methods will be considered.  

3 Literature Study of Traditional and Non-Traditional Cost 

Estimation and Decision-Making 

A great deal of cost estimation study has taken place over many centuries.  Even the bible 

references the concept: 

 “For which of you, intending to build a tower, sitteth not down first, and counteth the 
cost, whether he have sufficient to finish it? Lest haply, after he hath laid the foundation, 
and is not able to finish it, all that behold it begin to mock him, Saying "This man began 
to build, and was not able to finish."” Luke 14:28-30 (King James Bible 1611). 
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It is common, even today, in public and private expansion or improvement projects that they go 

significantly over budget.  Recent examples include the Karolinska Institute in Stockholm that 

Svenska Dagbladet reported in April of this year that the New Karolinska hospital is 600 million 

Swedish kronor over budget (Svenska Dagbladet 2013).  English Channel construction had cost 

overruns of 80% and financing cost overruns of 140% (Nolder 2009).  History is riddled with 

large and small examples of projects that have failed to come in as calculated.   

 

Traditional cost estimating is a deterministic model that involves using historical data and or 

quotes from sub-contractors and vendors to get starting point estimates for the different project 

systems and activities (Nolder 2009).  Most often an escalation amount is added to each cost 

item to allow for labor, material and equipment cost increases.  Additionally a contingency 

amount or project cost based percentage tied to the maturity of the project design is added to 

account for cost that are uncertain or beyond control of the project manager.   

 

The resulting traditional derived estimation is a singular and deterministic cost value.  It averages 

out all risk and uncertainty trying to capture it in a single point. This traditional methodology is 

logical and straightforward, but also the least sophisticated in accounting for cost escalation and 

contingency planning for risks.  It fails to capture and quantify the actual risk that cost estimates 

inherently contain.   

 

Project Management Book of Knowledge (PMBOK 2008) from Project Management Institute 

(PMI) defines an estimate as “the process of developing an approximation of the monetary 

resources need to complete project objectives.”  The PMBOK proceeds with listing estimation 

techniques, which include both traditional estimation, and quantitative techniques: 

 Expert Judgment guided by historical data.  This is largely intuitive (Niazi 2006). 

 Analogous estimating using parameters such as scope, actual cost, and actual duration or 

measures of scale such as project size or complexity from a similar or previous project to 

estimate the current project. 

 Parametric, or statistical relationships with historical data and intuitive data. 
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Shari Keller (2013), in her survey of cost estimating techniques, recognizes these three 

techniques when she asks the question: “What is cost estimating?” Keller’s research concludes: 

 “There are many methods of cost estimating; three most distinct and common methods are 
engineering build-up, analogy, and parametric. In practice, each is used at different stages of 
the project’s lifecycle, and a thorough estimate will include all three in some combination. 
However, it could be argued that all methods are basically the same, and they are essentially 
parametric methods because they are statistical extrapolations of past experience into the 
future. Past experience is historical data which includes detailed work hours and bills of 
material (engineering build-up), the data is adjusted or extrapolated (analogy) for the 
similarities to current project, and is statistically fit to mathematical equations relating cost to 
one or more physical or performance variables associated with the item being estimated 
(parametric).” (Keller, Et al 2013). 
 

PMBOK continues with their cost estimation techniques. 

 Bottoms up estimating through assembling costs for all activities of the work at lower 

levels and then adding it all together.  This is the most detailed of all estimates, but also 

very traditional and insensitive to uncertainty.  It also requires a high level of project 

design, and is very time consuming. 

 Three point estimates, or Program Evaluation and Review Technique (PERT) is the use 

of successive approximation to a try to capture uncertainty.  It involves adding an 

optimistic estimate total with 4 times the most likely and a pessimistic cost estimate and 

then dividing by 6.  The following equation is used with Min meaning optimistic or 

lowest possible cost, ML meaning most likely cost, and Max meaning pessimistic or 

highest anticipate cost: 

4 ∗
6

 

 

Steen Lichtenberg, retired professor at Technical University of Denmark and management 

consultant, has promoted the use of his successive principle for effectively estimating project 

costs.  Essentially a modified version of the PERT equation above the Successive Principle is 

claimed by Lichtenberg to handle the uncertainty or contingency in projects, budgets and plans 

in a controlled, efficient and scientifically based manner. The technique has an ability, as stated 

by Lichtenberg, to largely eliminate unplanned budget overruns and delays. The Successive 

Principle is based upon an “integration statistical theory and psychology with well-known 
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procedures of project management.” (Lichtenberg 2013).  The equation is a more pessimistic 

version of the PERT equation, by only allowing for 3 of the most likely cost estimates to be used.  

Thus, the optimism bias is even more controlled.  Lichtenberg redesigned the equation to look 

like this: 

3 ∗
5

 

The PMBOK goes on to use modifiers to exact a level of cost estimate accuracy.  These estimate 

modifiers include preliminary, conceptual, feasibility, order-of-magnitude, and definitive and 

they should include an anticipated percentage of over/under cost tolerance.  The handling of 

these definitions by PMI and the recommended insertion of a plus and minus percentage of 

accuracy speak to the difficulty and sensitivity of the cost estimation process.  The plus or minus 

percentage of accuracy is largely qualified by the risk aversion of the company.  Most often 

appetite for risk is correlated to the ‘law of diminishing marginal utility’ where a risk attitude 

stems from the amount of investment measured incrementally against the level of wealth.  This is 

best shown using a measure of utility for value rather than money, as it is a perceived value and 

not an objective one. Schuyler (2001) demonstrates it well with example of a 1 million dollar 

prize.  A typical person would have a very high perceive value of the prize, but if one were very 

wealthy having 10 million dollars already, the perceived value would be much lower (Schuyler 

2001). The following figure 2 demonstrates the utility function applied to the law of diminishing 

marginal utility: 

 
Figure 3, Law of diminishing marginal utility function, Schuyler 
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In the above figure one can see the x-axis Perceived Value (PV) balanced against objective value 

or Risk Neutral (RN) y-axis.  The straight function line represents a risk neutral individual as 

financial gain or loss climbs and it stays constant.  The concave line demonstrates a risk adverse 

company, where financial gains or losses are amplified and perceived as greater than they really 

are.   

 

Risk attitude and behavior is an important concept for the small business facing a large 

expansion endeavor.   When the capital investment as big as or greater than the company 

solvency for example a sense of risk is much greater.  Schuyler (2001) recommends, “For 

individuals and small closely held companies a conservative risk policy is more suitable” and 

goes on to say, “decisions with large potential gains or losses may require conservatism.”  

Entrepreneurs have been noted as being intrinsically optimistic and thus may be willing to take 

risk or even be risk seeking.  This could be, in part, a failure mode of small business.   

Conversely, larger companies with much larger revenues and capital are able to undertake much 

larger projects with lower sense of risk. 

 

A risk is defined by PMBOK as an uncertain event of condition that if realized has a negative or 

positive impact effect on objectives (PMBOK 2008).  A risk then can be both a threat and an 

opportunity.  When considering the evaluation of an uncertainty such as the small business 

expansion cost estimate and its inherent variability it would be remiss to not equally consider the 

fact that there is a chance that cost will come in lower than expected.  As the cost estimating for 

the small business expansion project is evaluated by the Quantitative Risk Analysis process the 

opportunity and the threat, along with probability of their respective occurrence, is identified. 

 

Level of design and plan development of a project directly correlates to the level of cost estimate 

risk and uncertainty.  Low level of design means that the project cannot be decomposed into 

smaller components or work packages and bottoms-up estimating is then impossible.  That 

leaves analogous and parametric estimating techniques, which are inherently less tedious but also 

less accurate and less certain.  These estimates are often qualified as preliminary, conceptual, and 

feasibility type estimates nonetheless are the estimates required to determine budgets, seek 
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financing, and ultimately make decisions to move forward with the project.  Cost overruns in 

projects, however, regardless of estimating technique and level of design, are very common. 

 

Project cost can overrun for a variety of reasons.  They are often blamed on forecasting errors 

rooted in inexperience, poor technique, inadequate data, and honest mistakes (Karekar 2012).  

Additionally, human biases such as optimism and enthusiasm for a project will often play a role 

in causing project estimates to be undervalued.  Root causes to cost estimation failure can most 

frequently be pinned on not understanding or ignoring unknowns and risks of the project (Nolder 

2009).   

 

Gregory Nolder states:  “Cost overruns are often caused by ignoring the uncertainties and risks 

inherent in the project.”  These uncertainties are not adequately captured by traditional cost 

estimating according to Nolder (2009).  Traditional cost estimation methods provide no insight to 

possible and probable outcomes (Nolder 2009, Vose 2000, Schuyler 2001).  By using the non-

traditional approach of quantitative risk analysis, cost estimation can be improved by taking into 

account the risk and uncertainties, which forecasts the range of possible costs and also the 

probability of those costs.   

 

Nolder (2009) goes on to list cost estimation problems and cost overrun root causes including 

technical and psychological. Technical factors are intrinsically uncertain and include forces such 

as market supply and demand, interest rates, commodity prices, and regulatory environment.   

The psychological factor is based on human nature; project planners and managers are inclined 

to underestimate potential risk for unexpected cost increases through the phenomenon of 

optimism bias.   

 

Small business owners are especially susceptible to optimism bias and thus failure by their 

intrinsic entrepreneurial nature.  Deniz Ucbasaran et al (2010) state in the Journal of Business 

Venturing that entrepreneurs have a greater tendency to be over-optimistic than non-

entrepreneurs. Over-optimism, or what they call comparative optimism, is the tendency of people 

to report that they are less likely than others to experience negative events, and more likely than 

others to experience positive events. Comparative optimism may be necessary for individuals to 
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engage in entrepreneurship, but it may also be a factor leading to venture closure. (Ucbasaran 

2010) 

 

Level of design, plan development, managerial skillset, optimism, and technical factors all come 

together and correlates to the level of cost estimate risk and uncertainty.  To manage these 

variables and achieve a cost estimate that can be used to make the most educated decision 

possible a risk-based cost estimation tool is needed.  Risk-based cost estimation is achieved 

through Quantitative Risk Analysis and is a much less traditional and more modern application 

of modifying cost estimates to account for uncertainties.  The Successive Principle PERT 

attempts to capture and manage optimistic biases inherent in estimations, particularly those of 

entrepreneurs (Lichtenberg 2013).  Quantitative Risk Analysis is a process of that identifies and 

quantifies the cost uncertainties of a project estimate and then calculates a probability model of 

the cost in the form of a probability distribution.    

 

A recommended tool for modeling quantitative risk analysis is the Monte Carlo Simulation.  

David Vose, Risk analyst and author, says “Quantitative risk analysis (QRA) using Monte Carlo 

simulation offers the user a powerful and precise method for assimilating the uncertainty and 

variability of a problem and for producing a realistic appreciation of the problem's total 

uncertainty.” (Vose 2000)  Monte Carlo is a tool to model risk and enable decision-making.  The 

principles set forth in Vose’s book Risk Analysis, a Quantitative Guide, (2000) as the "ten 

commandments" in relation to quantitative risk and policy analysis: 

1. Do your homework with literature, experts and users. 
2. Let the problem drive the analysis. 
3. Make the analysis as simple as possible, but no simpler. 
4. Identify all significant assumptions. 
5. Be explicit about decision criteria and policy strategies. 
6. Be explicit about uncertainties. 
7. Perform systematic sensitivity and uncertainty analysis. 
8. Iteratively refine the problem statement and the analysis. 
9. Document clearly and completely.  
10. Expose to peer review. 

 
Expected Value is an outcome of the analysis as a probabilistic weighted average and is the best 

single measure of a project cost (value) as it provides an objective and unbiased judgment of the 
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uncertainty of the project (Schuyler 2001).   Expected Value is not the only singular value 

resulting from creating the probability distribution.  The cost estimate model is recalculated over 

and over again (e.g. by computer 5,000 to 10,000 times) and each time using randomly selected 

sets of values from the cost estimate.  The result is a distribution of possible outcomes that could 

occur and the probability of it occurring.   It is essentially running what-if scenario over and over 

based on the data that you enter.  Vose (2000) explains it well by saying “Quantitative risk 

analysis (QRA), using Monte Carlo simulation, is similar to "what if" scenarios in that it 

generates a number of possible scenarios. However, it goes one step further by effectively 

accounting for every possible value that each variable could take and weighting each possible 

scenario by the probability of its occurrence. QRA achieves this by modeling each variable 

within a model by a probability distribution.”  Through this random sampling process of what-if 

scenarios a clear picture of expected cost and its probability can be seen. 

 

This quantitative Monte Carlo calculation is performed by statistical software such as Palisades 

Decision Suite software that includes the @Risk tool and Precision Tree decision tree software.  

The use of quantitative cost risk analysis technique for cost estimation has many advantages over 

traditional methods, according to Nolder (2009), including: 

1. Addressing and identifying cost estimate risks changes the paradigm of the 
project team and how they think about costs, encouraging open discussion.   

2. The process of quantitative cost risk analysis helps the project team identify key 
risk drivers that once found can be most strategically handled and ultimately 
reduce project cost. 

3. Cost forecasts are not forced into the ‘pigeon hole’ of a single point estimate. 
4. It provides a model to show stakeholders and increase their understanding of 

projects risks and the probability of the actual costs being above the base-case 
estimate or the budget. 

5. Creates transparency of cost assumptions that helps identify areas of cost overrun 
root causes have crept into the project-costing model. 

 

Quantitative Risk Analysis modeling is not a traditional cost estimation tool but clearly is the 

most sophisticated tool available, especially in situations where there are a large number of 

uncertainties.  With the probabilistic distribution model developed by the Monte Carlo technique 

a range of costs are produced, including the probability that cost could escalate.  It not only 

provides an expected cost but a measure of the probability that a risk or uncertainty will be 



 23

realized.   

 

Perhaps one of the most developed definitions of cost estimation comes from the Association for 

the Advancement of Cost Engineering (AACE) defines cost estimating as ‘the determination of 

quantity and the predicting, or forecasting, within a defined scope of the costs required to 

construct and equip a facility, to manufacture goods, or to furnish a service. Included in these 

costs are assessments and an evaluation of risks and uncertainties’ (AACE, 1990).  While AACE 

makes no direct reference to statistical analysis or optimism bias, but they are clear that 

consideration of uncertainties when estimating cost is essential.  Niazi et al (2006), regarding the 

impact of quality cost estimation, states “Because of this sensitive and crucial role in an 

organization, cost estimation has been a focal point for design and operational strategies and a 

key agenda for managerial policies and business decisions.” 

 

Organizations taking on the uncertainty of a business expansion project have the necessity to 

make the best decisions possible to achieve the optimal outcome.  With a focus on cost 

estimation and its key role in business decision strategy, it begs for clearly understanding 

decision theory, decision process, and decision analysis.  Schuyler (2001) states:  “A good 

decision is one that is consistent with the decision policy of the organization and all the 

information available at the time”.  He goes on to tie success to good decisions (Schuyler 2001):  

 Good decisions are correlated to good outcomes. 
 Good decisions do not insure success; just improve the likelihood of success. 
 Success is not always the result of good decisions.  However a pattern of good decisions 

will increase the likelihood of success. 
 

The path to making good decisions lies in a decision analysis process.  A general decision 

analysis process though requires some definition and a decision policy to be effective.  A 

decision analysis process is logically the output of a decision policy and a decision model. The 

resulting decision choice must be the most business savvy and will be most likely to have a more 

successful result if they make it on the weighted and predicted outcomes of measured 

uncertainties. Therefore, their decision process for moving forward will be greatly aided by the 

use of successive approximation and quantitative cost risk analysis.  The steps to a quality 
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decision process and road map to get to quantitative cost risk analysis modeling are outlined in 

the decision analysis process map below in figure 4: 

 

 
Figure 4:  Decision Analysis Process Map, Schuyler 

 

According to Schuyler (2001), the decision process has three roles:  

 The experts or assessors that provide the judgments on the critical elements of the 
expansion project, such as cost estimation, equipment needs etc.  They are the most 
knowledgeable people available at a given time or phase of the project design and 
development. 
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 The evaluation analysts, or those that develop the quantitative project models that 
structure and generate alternative forecasts. 

 The decision maker that reviews the evaluated data and forecasts and makes an 
alternative selection based on what they believe is credible. 

 

The forecast of cost and return on investment is the fundamental question of the small business 

expansion decision.  The forecast feeds out of the decision process at the valuation model level.  

According to Schuyler (2001), “forecasting is the most important analytic problem in business.  

Nearly every decision presupposes a forecast:  What might happen with each alternative?”.    

With such value and precedence, the underpinnings of what constitutes a forecast is worth 

examining and understanding as what feeds into a forecast is a critical variable to the validity of 

the decision process.   

 

First, Schuyler (2001) differentiates between projections and forecasts.  A projection is typically 

a deterministic model, without probabilities, and thus in the terms of cost estimation a traditional 

model.  Simplistically it reflects assumptions and predicts what happens if assumptions occur.  

One of the primary issues is that it implies that tomorrow will be accurately reflected by 

yesterday, and therefore the conditions of past and future are assumed the same.  Should a 

decision or project be repetitive, common, simplistic, cost projection is likely adequate.  

 

The term forecast, according to Schuyler (2001), implies a calculation and estimation analysis 

process has occurred.  The best forecast is the output of a stochastic and probabilistic model and 

is expressed as an Expected Value (EV).  The forecast is therefore a step beyond traditional 

projection, though based on assumptions, has been extrapolated into a probability distribution 

function. 

 

As a forecast is a projection of individual inputs how those inputs are generated leads to 

considerations of quality of data (Schuyler 2001).  The quality of any decision is directly 

correlated to the quality of the data input into the decision model.  Intuition for example, is 

essentially guessing and therefore its value must be questioned.  The person providing the 

intuition must be somehow qualified with experience and a track record of successful judgments. 

Even so, human intuition is not strong at processing probabilities and understanding fine details 
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that a person’s intuition needs the support in situations of uncertainty of quantitative decision 

analysis (Schuyler 2001).   

 

Should a decision be complex, new, or complex, such as a business expansion project, decision 

modeling using a probabilistic Quantitative Risk analysis of input data though birthed from 

intuitive process, helps to remove judgment bias and assumption.  Intuition is important and will 

not be replaced by quantitative methods, Judgments and subjectivity versus objectivity is an 

extremely important element to consider when creating quantitative risk analysis and decision 

models (Schuyler 2011).  Judgments for cost values are required for every input variable into the 

model.  The most capable and knowledgeable person available is sought out to judge the values 

as the information out of the Quantitative Risk Analysis is only as good as the information put 

into it.  Though the Quantitative Risk Analysis process helps to pinpoint the highest quality 

assessment of the probability of accuracy of data, the highest quality expert judgment of values is 

essential for getting the most realistic distribution possible.   

 

Quality decision-making depends in large part on the quality of data collected.  Qualitative Risk 

Analysis deals directly with qualifying the risk data, such as cost estimate data.  It involves 

examining the degree to which the risk is understood and the accuracy, quality, reliability, and 

integrity of the data regarding the risk.  It is a technique to evaluate the degree to which the data 

about risks are useful and PMBOK (2008) states qualitative risk analysis requires accurate and 

unbiased data if it is to be credible. If data quality is unacceptable, it may be necessary to gather 

higher quality data.  A plethora of various robust qualitative tools exist to achieve higher quality 

data.  In addition to providing valuable evaluation of data for decision makers, these tools assist 

to accurately describe the expansion project in terms of cost, time, and technical requirements.  

Qualitative tools include scenario analysis, brainstorming, SWOT analysis, expert opinion, 

Delphi technique, and root cause analysis (PMBOK 2008).  These tools assist in driving higher 

quality data through managing the subjectivity and bias that are often part of an elicited 

judgment.   

 

A technique to analyze a decision with several different uncertainties and variables Decision 

trees enable one to model various options and are one method to evaluate decision alternatives.   
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Decision trees are considered by many to be the most powerful decision modeling and 

calculation technique available for decision analysis (Schuyler 2001).  Decision trees and 

techniques are available through many software applications exist 

 

The higher quantity and variability of information and the more fuzzy and imperfect that 

information is, the more valuable Lichtenberg’s successive principle, quantitative risk analysis 

and decision tree tools become (Schuyler 2001, Lichtenberg 2013).  Lichtenberg expresses in his 

literature that his successive approximation PERT-type tool alone goes a long way to solving the 

cost overrun problem: 

“Using the Successive Principle you can handle the uncertainty or contingency in 
projects, budgets and plans in a controlled, efficient and scientifically based manner. 
Using a consistent top down procedure you in successive steps clarify the many uncertain 
factors. In this manner it – besides other valuable benefits - has documented an ability to 
largely eliminate unplanned budget overruns and delays. This unique capability has been 
thoroughly documented. 
 
The Successive Principle is based upon an integration of modern statistical theory and 
psychology with well-known procedures of project management, engineering economy 
and general management. In fact it allows human intelligence and intuition to play a more 
natural role as a supplement to the historical knowledge. Among others it applies research 
which bypasses the many serious pitfalls, which so far has hindered accurate and neutral 
expert evaluations.” 

Steen Lichtenberg, Lichtenberg and Partners Consulting 

 

Adding the application of the PERT technique from the Successive Principle to the cost estimate, 

followed by the quantitative risk analysis process to the model, along with the decision tree to 

help structure the decision forms a powerful technique for forecasting and decision-making.  

These tools compensate for data quality issues as much as is possible and allow for the 

variability to best quantified or at the very least greatly bolster intuition (Schuyler 2001).  While 

no apparent direct research on appropriateness of applying these tools to small companies exists, 

this study will apply them and try to determine their suitability.   
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4 The Decision Process and Cost Estimation Fieldwork 

4.1 Business Expansion Facility Requirements and Decision Quality 
 
Initial business expansion project activity begins with brainstorming questions on what is 

required to accomplish the expansion.  The location, authorization from authorities having 

jurisdiction, the power resources, the staff requirements, the necessary storage space, loading 

areas for large equipment, road systems that support transportation to the location.  Will the 

current facilities administrator allow for and will the facility itself support the equipment 

installation?  Is there enough electrical supply and is there natural gas supply or possibility of 

propane tank installation?  Is there enough floor space and vertical headspace for the production 

and storage equipment?  Environmental concerns around exhaust discharge, along with the fire 

risk of large roasting equipment and large fuel tanks?  Will there be more profit by the business 

expansion? The belief was the return on investment would make the expansion pay for itself but 

first the level of investment required had to be established.  This investment requirement is 

rooted in determining production parameters. 

 

Monteriva currently imports and sells approximately 155 tons of roasted coffee beans every year.  

They purchase these beans from two different Italian coffee bean roasting companies. Their 

product line was diversifying with 13 different coffee products and the demand by customers to 

have several different size packages to ease loading of coffee brewing equipment. To expand the 

business to roast their own beans they must be able to produce 155 tons of product immediately, 

be able to allow for market growth, and be able to package it in all required size formats.  

Facility size is directly correlated to cost of expansion project and must be a core element of the 

decision model.  Failure to properly size the facility will lead to poor optimization; either under-

utilized resources or incapability to meet demand with investment.  Monteriva had effectively 

begun to ‘proactively identify decision opportunities through brainstorming and strategizing’, by 

determining facility size requirements, the first step in the Schuyler decision process model 

(Schuyler 2001).   

 

The decision model was in fact providing structure and formalization of the decision process.  

The process of asking questions and seeking the most accurate and reliable answers in turn aided 
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the decision process. The data to provide the answers was accessible within varying degrees.  A 

great deal of legwork is required to drill down through a question to get the most accurate and 

reliable data.  In the more logistical line of questioning on construction feasibility it meant 

seeking out experts as individuals in the various areas of facilities, mechanical systems, electrical 

systems, gas systems, etc.  Getting quality information on costs at early level project design 

development has inherent accuracy and reliability problems, as the project parameters are not 

clear.  This means that the uncertainty is higher and that directly impacts the decision process, 

for example, the decision maker must be more willing to take on more cost risk and the impact of 

errors is increased.     

 

Sales growth forecasting and coffee bean market uncertainty questions are directly related to an 

existing track record of performance and the data was readily accessible.  While analogous and 

backward looking, accurate and reliable data on market trending for both industry and local 

market performance existed (see appendix d).  While uncertainty is not eliminated, this easily 

accessible and accurate data can be quickly analyzed to feed into the decision process. At current 

sales levels and a few years of sales growth track records, the expectation is that sales growth 

was not only inevitable but could be expected to increase at least 10% annually for the next five 

years.  In this case, the impact on the decision maker is to have an optimistic outlook and a sense 

of confidence that their investment will not prove unwise based on market risks.  The probability 

of a retail coffee market crash or a raw bean market crash is low, and the recent fluctuations and 

volatility in the bean market prove that customers will continue to buy coffee even as prices 

escalate.   

 

Should the decision to move forward with the expansion project be made, the success of the final 

result is unequivocally hinged to the success of obtaining and analyzing quality data for the 

decision process.  Should an element of the construction prove to be infeasible after the project 

has begun due to unknowns or poor quality information the investment could prove to be a 

complete loss.  If an unprecedented event in the coffee bean market adversely affects the ability 

to buy and sell coffee, clearly the outcome for the investment decision will be disaster.  As 

Schuyler (2001) stated, good decisions are correlated to good outcomes.  These good decisions 

come from accurate forecasts rooted in low bias and high precision.  Quality of data can be 
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improved then through the application of decision analysis model valuation (e.g. Monte Carlo) as 

it aids in more accurate forecasting, and therefore better decisions and better outcomes (Vose 

2000, Nolder 2009, Schuyler 2001).   

 

Monteriva had begun to take essential initial steps to facilitate a decision on the development of 

their own roasting plant idea.  As considerations for the plant deepened the decision model was 

in fact developing as Step 4 in the Schuyler decision model was essentially begun through 

considering relationships and project sequencing.  This process led to the determination that 

construction cost (capital investment) of the production facility is the key to the business 

expansion decision.  It is here where the parallels with the Schuyler decision process model 

stopped.  There were no chance events identified (beyond intuitive assumptions), decision trees 

built, no influence diagrams, system flows diagrams or maps outlining the decision built as is 

prescribed by the decision model analysis process.   

4.2 Decision Analysis Process and Decision Model Development 
 
The impending question surrounding the business expansion idea at this point is what 

specifically needs to be built, with what amount of capital?  The result of this question was in 

fact more questions, and the need for information grew.  While seemingly logical to ask, ‘how 

much does the project cost so that we can make a decision’, the level of project design was too 

low to price out what it will cost to build a new facility.  The complexity of the business 

expansion decision begins to be exposed as the questions of options of available equipment type, 

size, source, and price as well as integration of plant equipment into existing sales and storage 

facilities to consider.  Essentially, trying to move forward with the roasting plant idea seemed to 

force the development of an influence diagram, decision maps and outlines, or at a minimum, 

created an almost urgent sense for the need for some structure to hold the ideas and issues 

together. 

 

The needed structure was found in decision-making software from Palisades Corporation© 

called The Decision Suite Tools. Palisades is one of several decision software engine developers 

but is one of the largest and recommended by Schuyler (2001).  The objective was to get an 

accurate as possible project cost picture of the future for best-outcome decision-making.  The 
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pool of information and the multiple angles for consideration are vast and without creating 

structure they are overwhelming.  To capture that future picture to allow for most effective and 

profitable decision to be made a decision tree was built.  Using Palisades Corporations© 

Precision Tree software the tree began to grow and some decision elements were soon realized. 

(Palisades Corporation© Software was used only in an academic context).  (See appendix a for 

Decision Tree Visual).   

 

Interestingly, the decision tree was very effective in structuring and highlighting influences and 

in outlining the parameters associated with decision at hand.  It also quickly provided insight that 

what was needed next was an important element: expert opinion on probabilities and costs.  

Furthermore, it brought forth the important fact that different valuation or units of measurement, 

such as cost (or expected value) and utility (expected utility) cannot be meshed together.  The 

unit of valuation would have to be standardized or a valuation model was necessary for the full 

decision model to be developed.  Schuyler (2001) notes that, “Many practitioners believe that 

insights gained into decision problems are more important than the numerical results.” and that is 

one of the results discovered in this study.   

 

The numerical elements of the decision tree analysis proved to be a hurdle requiring careful 

consideration of the actual benefits and applicability of the decision tree tool itself.  The decision 

tree did, however, prove to be very valuable despite not providing a quantitative result.  Instead, 

the decision tree captured and framed the alternatives and influencing factors.  The decision 

nodes and chance nodes were in fact useful as a map to where the chance elements enter the 

picture and where the decisions need to be made.  Significant gains in understanding the 

information and ‘wrapping ones head around’ the decision was in fact easier to do with the 

visualization of the decision tree. 

 

More information, obtained from analyzing it through the decision tree software proved very 

useful.  The decision analysis process and the business expansion decision, as an outcome of 

initially performing the decision tree technique, will be limited to cost estimation and cost 

analysis and thus the unit of value will only be monetary (Expected Value based, not Expected 

Utility based).  The decision tree analysis helped to begin to build the basis of the cost estimate 
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to feed into the valuation portion of the decision process model.  It was concluded that several 

cost and cost related items needed to be considered to build the estimate, including: 

1. What is the best equipment to purchase to meet the needs and future demand? 
2. What are the different costs of various equipment options? 
3. What is the cost to install the equipment? 
4. What is the cost and source of fuel to run the equipment? 
5. What is the cost to install the fuel sources and supply lines (electricity panels, 

propane, water)? 
6. What is the cost to install the ventilation required to modify the circulation?  
7. What is the cost to build out the new conference rooms and R&D support room? 
8. What is the cost of staff to run the equipment? 
9. What is the cost of raw materials to put into the equipment? 
10. What will the future product demand be? 
11. What will the future product price be? 
12. What will the payoff be between costs and revenues between different sales growth 

levels and product cost levels? 
13. What is the cost of loaning money? 
14. What is the best decision, expand the business to include own production facility or 

continue with current business model? 
 

The decision tree analysis also clarified that the decision process revolved around how much 

product needs to be processed and what type of equipment would be adequate to process that 

amount.  Cost to buy, build, fuel, run, and all other plant equipment and support systems were in 

fact hinged on the production size requirement.  Several things had to be established to determine 

equipment size including: 

 How long does it take to produce finished product? 

 What type of production rate would we need to fit into a normal work-week, 
normal work year? 

 What are the standardized equipment production rates? 
 

These questions were answered by turning to the best available and willing expert, the equipment 

manufacturers.  Coffee roasting profiles, which includes bean darkness, can vary tremendously 

from lightly toasted to burned, and is directly correlated to the time the bean spends in the 

roaster, variable air and drum speed, and roaster temperature. The generalized, but time-tested 

and effective maximum production rate is four roast batches per hour.  A maximum production 

rate implies a streamlined and efficient support process above and below stream from the 
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machine itself.  Automatized or manual labor to fill the roaster the coffee roasting technician is 

an important part of the roasting puzzle.  With a consideration for both human and machine 

delay factors, a minimum production rate of three roast batches per hour is assumed.  

 

A twist to the consideration of equipment sizing is that it is based on green coffee weight.  As 

green coffee looses approximately 15% of its weight when it is roasted, the production quantity 

is based on the input weight of the green bean, which for Monteriva is 183 tons (183 tons x .15 = 

27.45; 183 – 27.45 = 155.55 tons roasted coffee).  The equipment size selection then would be 

based on the following criteria:  a current production need of 183 tons per year, the ability to 

roast three to four batches and hour, and an expectation for further steady growth of 

approximately 10% per year. 

 

The roaster sizes are more or less standardized, particularly at commercial level sizing, and the 

expert opinion suggestion, based on the above criteria, was the 60kg to 120kg per batch roasting 

machine.  I created the following table to help identify the alternatives and add structure to the 

decision process on the roast machine size selection.  The table takes into account the anticipated 

growth rate over a 5-year period.  The hours required for roasting per week in the 60kg/batch 

machine is double the hours of the 120kg/batch machine as its capacity is twice that of the 

60kg/batch machine.  Additionally, the roast/week tonnage is calibrated against a 48-week year 

to account for holidays, maintenance, and general risk contingency. 

  
Figure 5:  Production forecasting for equipment sizing 
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It was clear from this table that the 60kg/batch machine is adequate for at least five years, in fact 

close to 10 years and still meets the requirements of producing on a normal weekday, single shift 

schedule.  (The machine lifecycle is considered to be a minimum of 20 years.  In-depth long-

term planning will not be performed as part of this study, but the current market for used 

equipment of this size is strong, and a sales or trade-in opportunity exists according to the 

manufacturer.)  While different equipment sizes and their ability to produce revenue through 

product manufacturing could have been well considered using net present value calculations 

based on market conditions over different year milestones.  As the costing information came in 

and was processed through quantitative risk analysis the cost risk tolerance level was quickly 

reached and the decision to only consider the smaller equipment was made.   

 

Knowing the size of the equipment was the key to all other costing parameters.  The supporting 

plant equipment would be sized accordingly to handle the per batch size and production rate 

requirements.  The space, gas, and electrical requirements and therefore respective systems 

installation cost to drive the equipment could now be designed and priced.  Operations from 

employee hours required to deliveries could be schemed.  All the necessary parameters could 

now be further developed and priced out and a sort of decision milestone had been reached. 

4.3 Estimating Costs and Qualifying Outcomes 
 

The following step in the decision analysis process, then, was to quantify the expert judgments 

on cost (and cost probability) for the parameters required to build a coffee roasting plant.  The 

best available experts on the matter of design and equipment costs are the manufacturers and the 

contractors that would build and install the necessary equipment.  The process of meeting 

manufacturers and contractors to developing the project design and thus the affiliated costs was 

to drive the project towards a traditional project cost estimate.  The manufacturers designed the 

coffee roasting plant around data available for facility space dimensions and according to the 

production needs and then submitted fixed-price bids.  The contractors were tasked with pricing 

out the cost to install the supporting facilities to allow the coffee roasting plant to run.  These 

included ventilation, electrical and gas services that will be incorporated into the building. 
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To accompany the processing plant installation the concept or the new facility would include two 

new conference/meeting rooms designed for use by the sales and training programs.  Sketches 

were drawn and quantity take-offs were performed to have quantities from which a cost estimate 

could be generated.  Once, again, design and engineering was at a preliminary and conceptual 

level rendering enough information to use analogous estimation based on generalized parametric 

square meter cost for turnkey construction build out.  

 

The cost estimate is taking on the shape of a deterministic, traditional estimate.  A few critical 

factors prevented this estimation process from gaining higher level of accuracy and becoming a 

fully developed traditional estimate.  The design and engineering level was relatively low with 

no architectural drawings beyond sketches and engineering drawings beyond manufacturer 

mock-ups.  The finer details are not perfectly clear.  There are no work breakdown structures and 

activity packages in manageable sizes.  There is no general contractor, taking on the task and risk 

of cost estimating or coordinating the construction event, and only a passing consideration 

regulatory compliance issues and the associated permit costing.   

 

As the decision to move forward with the project was at such a preliminary level, there was a 

hesitance to reach out in structured formal fashion to and ask for construction bids.  The 

contractors selected by the small business owner where family or historical acquaintances.  

Further restricting the ability to get cost data from contracts was the project level of design was 

very early and architectural drawing and engineering rendering, along with all associated 

technical specifications, did not exist beyond a rough and rudimentary level.  Reaching out these 

contractors proved to lead to a very protracted response time, with some being completely 

unresponsive.  Contractors did not want to go on paper, with even the largest of disclaimers to 

accountability for cost accuracy, with a construction cost.  So the construction costs were 

assembled through equipment manufacturer sales staff, the small business owner’s father, retired 

but long-time owner of a Stockholm building and contracting firm, and the construction industry 

knowledge of this researcher (See Appendix b).   This was a shift in initial study methodology 

and an outcome of the explorative study.  Without higher-level design renderings contractors 

were unwilling to produce accurate bids and a more heuristic, less expert, and analogous cost 

estimate needed to be used.  Inaccessibility of the expert results in lower cost estimate quality 
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and higher cost estimate uncertainty and increase the value of stochastic simulation (Schuyler 

2001). 

 

The conceptual, deterministic, traditional estimate for low level design was created.  The task 

now was to measure and account for cost uncertainty levels of the estimate, particularly 

considering the conceptual level of its design and the estimate quality concerns.  While it’s on its 

way to reaching a usable and legitimate project cost estimate it hits the critical stage where a 

project must go from a conceptual, preliminary and feasibility plan level to a point where money 

must be committed to move the project forward.   The need for cost estimation then has reached 

the budgetary level, with investment of capital required to take the project to a higher level of 

development.   Non-traditional Quantitative Risk Analysis tools could be beneficially applied to 

the traditional estimate to quantify the cost risks, and help compensate for the data quality 

concerns, and assist with the decision to begin capital investment in earnest. 

5 Analysis of Cost Data 

5.1 Traditional Versus Non-traditional Cost Estimate Outcome 
 
The decision was made that should the business expansion project move to higher level design 

development it would do so with the STA manufacturers 60kg/batch coffee production facility.  

The decision was based on the estimated future product demand, equipment cost, and installation 

cost. Using the cost data collected a cost estimate is created (see Appendix b) and contains the 

primary elements of the project cost: 

1. Production Equipment (Engineering, delivery, installation). 
2. Packaging Equipment (Engineering, delivery, installation). 
3. Electrical system to support equipment. 
4. Propane system to support the equipment. 
5. Ventilation system to support the equipment. 
6. Office and facility construction.  

All cost elements were individually analyzed through Palisades Corporation© @Risk Software 

for QRA through Monte Carlo technique, calculated using the Lichtenberg PERT formula, and 

then a total project cost (with preferred equipment and installation parameters based on decision 

tree analysis) was also analyzed using the same process.  To accomplish this, each cost item is 
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assigned a pessimistic and an optimistic value based on the perceived level of uncertainty around 

how the cost was generated.  The assignment of optimistic (low) and pessimistic (high) cost is an 

important variable as it sets the basis for cost quantification.  The successive approximation 

formula is a direct function of using the optimistic and pessimistic cost numbers.  The Monte 

Carlo simulation is also hinged on the same numbers to calculate the standard deviation.  The 

standard deviation is then fed into the normal distribution equation for calculating the 

probability.  Additionally, the low and high cost level assignment is directly correlated to the risk 

tolerance.  The less risk tolerant, the more pessimistic the high cost number should be and the 

less optimistic the low cost number should be.  Quality of data also feeds directly into the 

optimism and pessimism levels of the costs.  As the cost estimates compiled in this small 

business example were at a low-level of design, or rough order of magnitude, the certainty levels 

of costs compiled were lower. 

 
Seasoned professional equipment manufacturers generated the equipment costs with structured 

proposals outlining carefully inclusions and exclusions.  The company owner and the researcher 

had visited all the manufacturers personally in effort to understand the proposals and capture the 

costs as accurately as possible.  These costs were considered to be relatively accurate, with the 

caveat that they were salesman driven, thus having a potential bias, and inherently analogous, 

leaving an element of unknown unknowns as a consideration.  To account for this, the equipment 

costs then were recorded as optimistic (Min) at 98% of proposal price, (most likely, ML, equaled 

proposal price) and pessimistic (Max) was 1.05% of most likely.  The values were then 

approximated using the Lichtenberg successive formula with the following input: 

3 ∗
5

 

See Appendix d for analysis simulation data. 
 
The analysis results reveal a potential cost for the project up to 10% more than planned.  The 

valuable information highlights the need continued processing in the decision analysis model. 

 

5.2 Decision Analysis with Monte Carlo 
 
The value of the Monte Carlo Simulation is that the small business has captured the uncertainty 

into quantifiable measurements.  Depending on the level of uncertainty in the data collected, and 
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the level of risk tolerance of the small business, a decision can be made on what is the acceptable 

probability of coming within budgeted cost.  Should as close to 100% probability of success as 

possible be required, the Monte Carlo analysis shows that a cost of 6 508 641 kronor needs to be 

budgeted.  Using this value, the difference from the traditional estimate of 5 892 541 kronor is 

much more significant at 616 100 kronor or over a 10% variance.  The different levels of 

probability and thus certainty desired can be considered by studying the following simulation 

report: 

Figure 23 Monte Carlo Simulation Results Summary  
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The information compiled by the Monte Carlo simulation can now be fed back into the Schuyler 

decision analysis process model. Steps 7 through 10 of the process include the data analysis and 

the decision itself.  Costs have been reframed and an understanding of the risk of cost escalation 

due to unknowns is quantified.  New alternatives could be considered, reevaluating the quality of 

data and rethinking the Min and Max values are an option for scrutinizing the data.  Perhaps new 

information could be gathered, quality refined and improved.  Among these different options is 

the option to implement the decision to move forward with the project.  As this business 

expansion decision involves low-level of design and early project feasibility the decision could 

be simply to begin higher-level project planning.  The risks and assumptions can be re-evaluated 

with the same decision process as they change through the project lifecycle. 

  

The value of eliminating optimistic bias and capturing uncertainty in a quantifiable manner is 

clear.  With the traditional estimate having a 31% probability of success, it is apparent that the 

project would likely become a statistic of another project over budget.  Understanding this was 

only possible through QRA and the Monte Carlo Technique.  But how feasible is it for a small 

business owner to use statistical cost simulation?  Knowledge of the tool is likely very limited, 

understanding how to operate the tool comes primarily from academic statistical course 

offerings, and the software itself is very expensive at $2,395 or about 15 570 kronor.    

 
To consider the suitability for use of these tools in the Monteriva business expansion decision the 

business owner was asked to answer the following questions (Questionnaire in Appendix e): 

1. Have you ever used Decision Tree Analysis, Successive Approximation, Program 
Evaluation Review Technique, or Quantitative Risk Analysis through Monte Carlo 
Simulation previously in your business? 

2. Do you think that framing the decision alternatives with decision tree analysis was 
effective in helping to highlighting decision alternatives? 

3. Do you think that Successive Approximation using the Lichtenberg version of the PERT 
provided valuable insight to your business expansion project cost estimate?  

4. Do you think QRA through Monte Carlo provided valuable insight to your business 
expansion project cost estimate? 

5. Did these tools help you make a decision to move forward with or terminate the project? 
6. Would you use these tools again? 
7. Would you require or choose to be trained to use these tools? 
8. Do you consider these tools suitable for assisting with decision making in your small 

business?   
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6 Conclusion 

6.1  Suitability of Decision Model and QRA in Small Business Expansion 
 

There are big benefits of using Successive approximation and QRA Monte Carlo simulation in a 

structured decision analysis process format (Vose 2000, Nolder 2009, Schuyler 2001).  The 

stochastic tools take the business expansion cost uncertainty from an inherently risk sensitive 

small business cash-flow environment (NSBA 2011, Crutzen 2011) and quantify that cost risk 

into a measurable non-discrete points (Vose 2000, Nolder 2009, Schuyler 2001).  This study 

demonstrated precisely this through building a traditional business production facility cost 

estimate and analyzing that discrete value with PERT and Monte Carlo Analysis tools.  In all 

cases the expected value of analyzed costs increased and the various non-discrete cost value risk 

probabilities were measured and exposed.  Section one outlined that small business owner 

optimism and inability to identify risk is a potential cause of business failure.  The QRA tools 

reduced optimistic bias and increased identification of cost risks.  When the small business 

owner was asked if Successive Approximation PERT provided insight to the business expansion 

cost estimate he stated: 

“My knowledge of this is quite low even though I have read the description of the formula 
several times. I believe it’s necessary to have some kind of formula to anticipate 
uncertainties. So from this knowledge I assume this is a good way to do it.” 
 

And when asked if Monte Carlo provided insight he answered: 

“As with the PERT I don’t have much knowledge about these formulas. But of course it’s 
good to have a sense of the probability of cost.” 
 

The study results and the small business owner’s answers validate that application of these tools 

is valuable for small business expansion cost evaluation.  The QRA tools captured the estimate 

cost risks of the early, low-level design business expansion project effectively and are, therefore, 

suitable for small business.  That is, at least, from strictly a tool application standpoint.   

 

When the Monteriva owner was asked: Do you consider the QRA tools suitable for small 

business expansion project cost estimating, he stated: 

“I doubt that there are really good reasons to take it further into the Monte Carlo analysis. My 
reasons for thinking like this are because of the outcome you have presented shows that we 
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have a span from 5 892 541 kr to 6 508 641 kr. A difference of about 616 100 kr that I think 
is very small and not really important.” 
 

This statement speaks to the sense of risk tolerance of the owner.  The cost risk amount was not 

enough to trigger a sense of project risk or insurmountable business risk.  Having the 

information, however, to decide if a cost risk exists seems tremendously valuable.  The measured 

and quantified cost risk through Monte Carlo facilitated a decision that the perceived cost risk for 

this project does not trigger his sense of diminishing marginal utility.  The risk adversity level of 

the small business (based on the specific project at hand) can be scaled against this cost risk 

analysis results and better decisions about the best next project step can be made (Schuyler 

2001).  The small business owner, however, did not recognize this or see the value of the tools, 

bringing into question suitability of the tools in a small business decision model.  

 

The decision tree was not ultimately used as a tool to quantitatively assess the project decision 

due to the expected value and expected utility incompatibility.  It did however prove to be a 

valuable qualitative model and visualization tool for identifying decision and chance points.  

Essentially, the tool forced an increase in the formalization of internal and external information 

and helped formalize strategy, which was identified in section one as critical failures of small 

businesses.  When the small business owner was asked if the decision tree analysis provided 

value to the business expansion decision he stated: 

“I think the decision tree analysis can be very effective when involving the stakeholders that 
haven’t been involved in the project details. It’s also useful for me to quickly get an overview 
of the options.”   

 
And continued when asked if he felt Decision Tree was suitable for small business: 
 

“I think the decision tree is specially helpful to visualize the options. So this I will try to use 
for the future.” 
 

The conclusion then is that tools are suitable for a small business cost risk evaluation, delivering 

the promised results.  The tools may not, however, be suitable for small business management 

unless they do recognize the value of the QRA tools.  Without the theory and understanding of 

the tools there is less appreciation for the value of them.  When the small business owner was 

asked if he would require or choose to receive training in utilizing QRA tools he responded: 
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“I didn’t practically use the tools.  I guess I probably could learn how to use them myself. 
But again I think it would be important to have knowledge of the underlying theory, using 
the tools without this knowledge probably lead to incorrect input thus resulting in incorrect 
output for the tools.” 
 

The owner identifies the need for better understanding of the QRA methodology, but only 

recognizes the importance of quality of data, and not importance of ability to interpret the data.  

It would therefore be important that data interpretation skill, as well as how to process the data in 

the tools was a focus of training.  Clearly, however, there is a limitation in suitability of the QRA 

tools based on the small business owner not being familiar with and not understanding the tools.  

When the owner was asked if he had ever used Decision Tree Analysis, Successive 

Approximation Program Evaluation Review Technique, or Quantitative Risk Analysis through 

Monte Carlo Simulation previously in his business he answered: 

“I have honestly never used a more complex calculation then what I guess you call traditional 
cost estimate, summing up the foreseeable expenses for a project.” 
 

For QRA to be suitable for small business expansion project cost estimate risk analysis, small 

business owners would have to be exposed to and educated on the tools use and interpretation. 

6.2  Pitfalls of Decision Model and QRA in Small Business Expansion 
 

A pitfall discovered by this study is the quality of data going into the decision analysis tools.  

Finding qualified experts to speak to the project cost estimating and in establishing minimum and 

maximum estimate values was difficult.  Monteriva Owner went on to say when asked about 

QRA tool appropriateness for his project: 

“I think most time probably should be spent on making sure that all costs has been 
identified and that they are determined with reasonable good quality.” 
 

The quality of data pitfall, however, is not an outcome of the stochastic tools themselves, but are 

really a pitfall of the early project, low-level of design phase (Hellenbrand 2010). The study 

revealed that in developing quality cost estimates first there had to be, at minimum, conceptual 

2-dimensional sketches of the proposed construction and new production facility for the 

contractors (experts) to provide cost proposals. Hiring professional architects and engineers to 

create plan drawings was an expense that was avoided at this early project feasibility level.  This 

led to constructing ‘home-made’ sketches and build-out plans that were capable of 



 43

conceptualizing the project, but cannot capture the critical need for engineering of complex 

systems.   

 

An example of complex systems that had to be examined included how the building would 

support the ventilation requirements of the equipment.  In this expansion project it was 

determined the production equipment requires two large exhaust ducts of up to 45cm.  One of the 

pipes is expected to function at about 400 degrees Celsius and would therefore require heavy 

insulation. The facility is on the ground floor of a seven-story building so precisely how will that 

ventilation get to the roof is a large task to understand.   Clearly this is highly technical, and 

while heuristic parametric and analogous estimating can capture a conceptual cost, engineering is 

required to truly reduce the uncertainty of feasibility and cost.  This study revealed that lack of 

investment in the process of project design drawings and systems engineering is a constraint to 

small business in accessing experts and quality project cost data.   

 

An important element is that regardless of how refined the cost estimate becomes and how clear 

and complete the build requirement data becomes, evidence shows that the traditional single-

point estimates fail time and time again to truly capture the project cost (Nolder 2009, 

Lichtenberg 2013).  The use of quantitative risk analysis of costing at this level is effective at 

showing the probability of different cost scenarios (Schuyler 2001, Vose 2000).  By using this 

cost risk analysis with Monte Carlo simulation and building a distribution of costs over a 

continuum an estimate has not only accounted for what-if scenarios but probability for success at 

different cost levels is available for decision-making purposes. This analysis leads to more 

reliable and meaningful results and in effect improves quality of the data (Schuyler 2001, Vose 

2000, Hellenbrand 2010).  It can be concluded that there is a clear advantage of the non-

traditional QRA cost estimating process, not only in more effectively capturing cost risk, but in 

improving data quality, which ultimately leads to better decision-making. 

6.3  Recommendations 
 

A larger sampling of small businesses facing business expansion project costs and applying the 

stochastic tools would provide a greater sense of the suitability of the use of these tools.  

Utilizing the premise of this study and casting a broader net to gather more data would provide a 
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more reliable data catch and better establish suitability of the tools and techniques for small 

businesses.  Therefore, expanding the research to larger group is recommended. 

 

Following this project from the early project level pre-design stage through to project close-out 

would be very interesting.  Having project actual cost outcomes to measure against this cost risk 

estimation would help determine accuracy and identify gaps.  Should a larger experiment and 

data catch be created having the data from project outcomes would really allow for the 

usefulness of QRA in small business expansion projects to be determined. 

 

There are some uncertainties that cannot actually be controlled and those unknown unknowns are 

where payoff from use of the QRA tools could cast a revealing light on small business expansion 

risks.  It would be interesting to further question the probability of intuitively anticipated market 

growth.  In this coffee example, market growth was assumed at 10% on an analogous growth 

pattern.  This effort revealed one of the most critical uncertainties of the business expansion 

decision: what will future product sales and demand really be?  Additionally, what will the cost 

of raw product be in the future?  Gathering a list of uncertainties from the coffee market side 

include what the future coffee buying habits and will retail coffee prices go up, down, or stay 

stable.  Currently product demand is growing but what is the market forecast, and will the 

commodity market maintain stability? Incorporating these questions to help capture and measure 

the uncertainties with QRA would be an interesting study.   This is touched upon in Appendix D. 
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c. Monte Carlo Analysis 
The Monte Carlo QRA was calculated by iterating the PERT 5000 times through @Risk Software.  Resulting in 

the following table for the production equipment: 

 Production Equipment 

STA 60kg 
fully 
automated 

Option 4 ML  3 693 160 kr  
Min   3 619 296 kr  
Max   3 877 818 kr  

 PERT   3 715 318 kr  
 Monte Carlo QRA  3 711 626 kr  

  Figure 6 Production Equipment Estimates  

 
Iterated 5,000 times with the Monte Carlo QRA Technique using the Palisades Decision Suite @Risk© tool 

resulted in the following distribution: 

 
 Figure 7 Production Equipment Monte Carlo Analysis 

 

The Monte Carlo Analysis of the Roaster cost reveals many things.  First, it estimates there is a ninety percent 

probability the equipment cost will fall between 3 642 540 kronor and 3 795 539 kronor or a 152 999 kr spread.  

It also reveals that there is a risk that the maximum cost is 3 867 341 kronor and an opportunity that the cost 

could be as low as 3 620 796 kronor.  While the risk is quite small, it is quantified, measured, and can be 

considered for decision making purposes.   

 

The same successive approximation and Monte Carlo Analysis was performed for the packaging equipment: 
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Packaging equipment   
 Graffa Option 1a   1 508 381 kr  
  Min   1 478 213 kr  
  Max   1 583 800 kr  
  PERT   1 517 431 kr  
  Monte Carlo QRA  1 515 922 kr  

 Figure 8 Packaging Equipment Estimate 

Monte Carlo analysis iterated 5000 times with @ Risk: 

 
 Figure 9 Packaging Equipment Monte Carlo Analysis 

Potential packaging equipment maximum and minimum costs were calculated and the probabilities of all the 

cost possibilities are revealed for decision makers to truly understand cost risk.  While the cost had been 

traditionally estimated at 1 508 881 kronor, the Expected Value was 1 515 922 kronor and the potential high 

cost is 1 578 983 kronor.   

 

The remaining installation costs for gas, electrical, ventilation, and facilities improvements were considered less 

reliable due to perceived quality of the cost data.  For the sake of completing the conceptual early design cost 

estimate and maintaining a risk adverse risk policy these construction costs were all recorded as optimistic 

(Min) at 98% of estimated cost, most likely equaled estimated cost, and pessimistic (Max) was 1.20% of most 

likely. 

 

The gas requirements for the production facility were determined by consulting with a local gas contractor.  An 

onsite visit by the contractor was made, building and equipment demand parameters discussed, and the required 

building and safety requirements were considered.  The following costs were assembled and analyzed: 

Propane Installation  
 ML  210 000 kr  
 Min  205 800 kr  
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20% Max  252 000 kr  
 PERT  217 560 kr  
 Monte Carlo QRA  216 300 kr  

 Figure 10 Propane Installation Estimates 
 

With the following Monte Carlo Analysis iterated 5000 times: 
 

 
 Figure 11 Propane Installation Monte Carlo Analysis 
 

The analysis shows that there is a small risk that the Propane installation could cost 247 332 kronor instead of 

the traditionally estimated 210 000 kronor.  Roughly 20% increase, and valuable information for the small 

business owner to consider when determining total project costs. 

 

The electrical installation costs were assessed considering the building electrical supply, existing electrical room 

location, and various production equipment demands.  The following costs were assembled and analyzed: 

 

Electrical Installation   

 ML   100 000 kr  
 Min   98 000 kr  
20% Max   120 000 kr  
 PERT   103 600 kr  
 Monte Carlo QRA  103 000 kr  

 Figure 12 Electrical Installation Estimates 
 

With the following Monte Carlo Analysis results: 
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 Figure 13 Electrical Installation Monte Carlo Analysis 
 

The take away once again is Electrical Installation was traditionally estimated at 100 000 kronor but has a risk 

of costing as much as 117 444 kronor as evidenced by the simulation. 

 

The equipment ventilation requirements were especially difficult to acquire expert information and assess costs 

due to the restrictive conditions of the building.  The manufacturers played the largest role in defining the 

ventilation specifications, along with evaluation by building administrators.  It requires a high level of 

engineering, and thus a parametric cost estimate of 3000 kr per meter was used as a cost basis.  This value was 

the extrapolated over entire distance, and the result used as the most likely cost.  The following cost was 

analyzed: 

 

Ventilation Installation   
 ML   255 000 kr  
 Min   249 900 kr  
20% Max   306 000 kr  
 PERT   264 180 kr  
 Monte Carlo QRA  262 250 kr  

 Figure 14 Ventilation Installation Estimates 
 

With the following Monte Carlo analysis results: 
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 Figure 15 Ventilation Installation Monte Carlo Analysis 
 

Total costs were piling up, were proving to be larger than anticipated, and a sense of greater cost risk than risk 

appetite was recognized.  To establish the costing further, the plans for facilities improvements with conference 

rooms and tasting labs were value engineered to simple sound wall and viewing window.  The idea was that the 

office expansion could happen later, and that the basics were the only requirement to get the project off the 

ground.  The following costs were assembled: 

Facility Modification and Construction Option 2b 
 ML   126 000 kr  
 Min  123 480 kr  
 Max  151 200 kr  
 PERT  130 536 kr  
 Monte Carlo QRA  129 780 kr  

 Figure 16 Facility Modification Construction Estimates 
 

With the following Monte Carlo Analysis Results: 

 
 Figure 17 Facility Modifications and Construction Monte Carlo Analysis 
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The total cost for all above cost components were compiled into one cost package using the results of the above 

most likely approximation methods.  The sum of the above analyzed costs for each component became the cost 

aggregate, or new most likely.  To analyze the data using the QRA, however, a new minimum and maximum 

cost had to be established.  Consideration for how to gauge an optimistic and pessimistic value had to be made.  

How one makes this judgment call captures the very essence of the estimating and forecasting dilemma.  

Pessimism is already built into the cost components.  Should more pessimism be inserted, should more 

optimism be inserted?  The determination of how much variance between optimism and pessimism is rooted in 

the risk tolerance and heuristic and intuitive nature of the estimator.  No rules exist, and no existing data is 

available to show what minimum and maximum values are possible.  Given that it is established that the small 

business is sensitive to cost risk, and Monteriva Kaffe demonstrates a larger and larger sense of risk adversity 

with costs mounting, continued contingency and pessimism needs to be part of the equation.  There is also a 

measured amount of pessimism built into the existing approximated cost component values that allow one to 

intuitively consider that there is case for more optimism in the aggregate most likely than established in the 

individual cost components most likely levels.  The conclusion was to establish the optimistic and minimum 

aggregate cost value at 95% of most likely and the pessimistic at 10% of most likely.  The aggregate cost values 

for the business expansion project then look like this: 

 

Production Facility Total (package 1)   
STA 60 kg  3 711 626 kr  
Graffa  1 515 922 kr  
Propane  216 300 kr  
Electrical  103 000 kr  
Ventilation  262 250 kr  
Sound wall  129 780 kr  
Total   5 938 878 kr  
Minimum  5 641 934 kr (.95) 
Maximum  6 532 766 kr (1.10) 
Monte Carlo QRA 5 998 370 kr  

 Figure 18 Production Facility Total Non-Traditional Cost Estimates 

 

With the following Monte Carlo Analysis 5000 iteration results: 
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Figure 19 Production Facility Total Estimate Monte Carlo Analysis 

 

The resulting Expected Value, or most likely cost, using QRA cost estimate for the project is determined to cost 

5 988 370 kronor.  The maximum and pessimistic potential cost is 6 508 641 kronor and minimum and 

optimistic potential cost is 5 646 326 kronor.  In contrast the traditional and deterministic cost estimate without 

quantifying for uncertainty looks as follows: 

 

Package 1 (preferred package)   
 Production Equipment  3 693 160 kr  
 Packaging equipment  1 508 381 kr  
 Gas Installation  210 000 kr  
 Electrical installation  100 000 kr  
 Ventilation Installation  255 000 kr  
 Facility construction  126 000 kr  
 Traditional Cost total  5 892 541 kr  

 Figure 20 Production Facility Traditional Cost Estimate Totals 

The difference between the traditional estimate of 5 892 541 kronor and the non-traditional estimate of 5 988 

370 kronor is 95 829 kronor.  This is a surprisingly low difference and begs the question of the overall utility of 

the QRA process.  While the difference is only about 1.5%, the real value of the non-traditional process is not in 

the direct variation in the most likely cost.  The value is in highlighting the range of possible costs, and being 

able to place probability of an outcome.  For example, the simulation of the total project shows that the 

probability of completing the project for the traditional cost estimate total is only about 31%.  
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 Figure 21 Traditional Cost Estimate Success Probability 

 

The traditional estimate presents with remarkable poor odds with a 31% probability of success.  Imagine 

walking into a project, financing in place, budgets set, expectations set, knowing that you had a 31% chance of 

accomplishing the task.  The expected value from the total non-traditional cost estimate after the Monte Carlo 

simulation (5 988 370), only has about a 53% probability of successful outcome:  

 Figure 22 Non-

Traditional Cost Estimate Success Probabilities  
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@RISK Output Results   
Performed By: Karl David Ernevad  
Date: Sunday, November 3, 2013 2:33:45 PM  

     

 Name   Cell   Graph Min Mean Max 5% 95% Errors 

STA Full Auto Roaster A4  3619883 3711625 3861851 3642536 3795599 0

Graffa Package Machine A13  1478777 1515923 1576480 1487713 1550210 0

Propane Installation A22  205816.9 216300 247652.4 207083.5 230470 0

Electrical Installation A31  98008.89 102999.9 117067.8 98609.84 109748.8 0

Ventilation Installation A40  249908.2 262649.7 298318.5 251458.5 279871.4 0

Facility Mod and Construction Option 2b A46  123485 129780.1 148786.6 124249.9 138283.7 0

Production Facility Package A69  5646327 5988371 6508642 5739383 6277331 0

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

d. Coffee Market  
 
Decision making for issues of uncertainty in business expansion projects must consider some of the core risks:  

market and sales.  This analysis feeds into the ability to calculate return on investment, and therefore a critical 
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variable in determining the quality of a decision to expand.  Failure to carefully understand and consider 

marketing and sales is too optimistic, too intuitive to allow for anything but the most reckless decision to be 

made.   

 

To study the coffee market from both the green bean supply side as well as the roasted bean consumption 

demand side the International Coffee Organization (ICO) was resourced to provide a tremendous amount of 

information.  The primary goal of the International Coffee Organization is to be the main intergovernmental 

organization for coffee, bringing together exporting and importing Governments to tackle the challenges facing 

the world coffee sector through international cooperation. Its Member Governments represent 97% of world 

coffee production and over 80% of world consumption. The ICO was set up in London in 1963 under the 

auspices of the United Nations because of the great economic importance of coffee. It administers the 

International Coffee Agreement (ICA), an important instrument for development cooperation.  The most recent 

Agreement, the ICA 2007, became effective on 2, February 2011.  A result is that ICO has an important roll in 

trying to stabilize the coffee market and makes ICO a formidable power player in the coffee commodity price 

system as well.   

 

The ICO states its mission is to “strengthen the global coffee sector and promote its sustainable expansion in a 

market-based environment for the betterment of all participants in the coffee sector.”  It contributes to the 

development of a sustainable world coffee sector in a number of ways but influences Monteriva Kaffe 

particularly by: 

 enabling governments and the private sector to exchange views on coffee matters, market conditions and 
trends, and coordinate policies at high-level meetings 

 promoting market transparency by providing a wide range of statistics on the world coffee sector 

 developing coffee consumption and markets for coffee through innovative market development 
activities 

 providing objective and comprehensive economic, technical and scientific information on the world 
coffee sector 
 

Coffee is one of the world’s most widely traded commodities, and is produced in over 60 countries. Many of 

these countries are very dependent on coffee and coffee can account for more than 50% of their total export 

earnings.  It provides a livelihood for over 125 million people around the world.  Among the world’s consumers 

coffee is a universally popular drink, with over 600 billion cups consumed each year. 

 

Data published by the ICO points to a steady and stable growth pattern in the demand for coffee.  Average 

coffee consumption has grown over the last ten years worldwide by an average 2.5% annually.  Sweden would 

be considered a traditional market, and the growth is indicated at about 1.1% annually. Growth of coffee sales, 
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according to the ICO, is expected to continue at the same pace, but Monteriva Coffee predicts growth for his 

coffee at 10% annually.  For Monteriva to grow 10 percent a year it will need to have a strategy to take business 

from existing coffee sellers.   

 
 
 
Coffee market, though having had some recent steep price spikes, is shown in the above graph to have a pretty 

reliable growth track record.  Retail coffee price has seen recent spikes that align with the spike in green bean 

prices and can be seen in the below table.  Bean prices are currently dropping significantly, and only a slight 

reduction in the retail price of coffee is seen.  

 
 
 
The important factor to draw from this market analysis is that despite fluctuations and spikes in green coffee 

prices, coffee is a consistently growing market, and the retail demand is resilient and able to absorb cost 

increases.  This is evident through seeing significant price hikes in Sweden while Monteriva sales have been 

growing.  The sales growth in company has for the last three years has been steady.  2011-2012 saw a 13% 

growth rate.  2012-2013 is on track to show the same performance level.  Sales Staffing has been bolstered with 
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the addition of another salesperson, and the outlook is that 10% annual growth over the next five years is 

reasonable and expected.  The following year-end numbers are what was published for Monteriva Kaffe:  

 
BOKSLUT & 
NYCKELTAL  
 

 2012-08 2011-08     2010-08 

 Antal anställda 7 6 7 
  Omsättning (TKR) 24 424 21 599 20 409 
  Res. e. finansnetto (TKR) 673 890 716 
  Årets resultat (TKR) 117 277 446 
  Summa tillgångar (TKR) 9 998 11 581 11 361 
          
 
 
  Vinstmarginal 3,10 % 4,55 % 4,02 % 
  Kassalikviditet 153,10% 90,08 % 186,92 % 
  Soliditet 44,91 % 39,49 % 40,02 % 
 
This accounting shows consistent and solid growth for the previous three fiscal years.  The addition of a new 

sales person in in the fall of 2012 with some recent new sales objectives being met contributes to the optimistic 

outlook for Monteriva growth.  The most recent available data on the Swedish Coffee market indicates it is a 

robust one, with over 95 million kilos of green coffee coming into Sweden annually for resale (see Sweden 

statistics table next page).  Sweden consumes 67.5 million kilos of that coffee.  It would seem clear, that with a 

current market share of about 310,000 kilos, Monteriva has room for growth. 
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© International Coffee Organization Statistics on coffee - ICA 2007

GENERAL INFORMATION

Area (km²) 449 964
Population (million) 9.45

Currency
Swedish Krona 

(SEK)
GDP (mln US$) 538 131
GDP per capita (US$) 56 927
Value of all exports (mln US$) 263 154
Value of all imports (mln US$) 231 621
Exchange rate (US$ 1) 6.49
Official language Swedish

COFFEE SECTOR

ICO membership status

ICO Contact

Imports of Green coffee (60‐kg bags)

Imports of Roasted coffee (60‐kg bags GBE)

Imports of Soluble coffee (60‐kg bags GBE)

Re‐exports of Green coffee (60‐kg bags)

Re‐exports of Roasted coffee (60‐kg bags GBE)

Re‐exports of Soluble coffee (60‐kg bags GBE)

Total consumption (60‐kg bags)

Per capita consumption (kg)

Inventories & stocks of green coffee (60‐kg bags)

Retail prices of roasted coffee (national currency)

Retail prices of roasted coffee (US cent/lb)

Value of imports of all forms of coffee (mln US$)

Value of re‐exports of all forms of coffee (mln US$)

VAT on coffee

Additional taxes and levies

on imports of green coffee

on imports of roasted coffee

on imports of soluble coffee

Excise duty

Roasted coffee

Soluble coffee

SWEDEN

Data for calendar year commencing:  2011

592.16

204.58

12.0% (reduced rate)

470 525

27 258

1 125 013

7.14

87 000

558.43

Importing Member

National Board of Trade

1 592 051

9 624

45 051

7.5% non‐decaffeinated; 9% decaffeinated

23 929

39.95 SEK/500g

not available

0% non‐decaffeinated; 8.3% decaffeinated

9%; GSP:3.1% excl Brazil; EBA, GSP+, EPA: 0%
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E. Questionnaire 
1. Have you ever used Decision Tree Analysis, Successive Approximation, Program Evaluation Review 

Technique, or Quantitative Risk Analysis through Monte Carlo Simulation previously in your business? 
 
I have honestly never used a more complex calculation then what I guess you call traditional cost estimate, 
summing up the foreseeable expenses for a project.  
 
2. Do you think that framing the decision alternatives with decision tree analysis was effective in helping 

to highlighting decision alternatives? 
 

I think the decision tree analysis can be very effective when involving the stakeholders that haven’t been 
involved in the project details. It’s also useful for me to quickly get an overview of the options. Only 
problem is that the drawing is not really readable in this document. 

 
3. Do you think that Successive Approximation using the Lichtenberg version of the PERT provided 

valuable insight to your business expansion project cost estimate?  
 

My knowledge of this is quite low even though I have read the description of the formula several times. I 
believe it’s necessary to have some kind of formula to anticipate uncertainties. So from this knowledge I 
assume this is a good way to do it. 

 
4. Do you think QRA through Monte Carlo provided valuable insight to your business expansion project 

cost estimate? 
 

As with the PERT I don’t have much knowledge about these formulas. But of course it’s good to have a 
sense of the probability of cost.  

 
5. Would you use these tools again? 

 
I believe that these kind of tools it’s required that you know how to use them and some sort of background 
of the theory behind is necessary. So for us it would require an external party to help us with this kind of 
analysis, we wouldn’t use them ourselves. 
6. Do you consider the price of the decision suite software too expensive for a small business? 

 
I don’t think the software license itself is a problem. But the time necessary to learn and use it probably 
wouldn’t make sense to put the effort into it, but rather use a consultant to help. 

 
7. Would you require or choose training to utilize these tools? 

 
I didn’t practically use the tools.  I guess I probably could learn how to use them myself. But again I think it 
would be important to have knowledge of the underlying theory, using the tools without this knowledge 
probably lead to incorrect input thus resulting in incorrect output for the thools. 

 
8. Do you consider these tools suitable for assisting with decision making in your small business?   

 
I think the decision tree is specially helpful to visualize the options. So this I will try to use for the future.  
For the cost calculation I’m not sure if it’s really worth the effort. Using a simple formula like the PERT can 
be easy and effective. I doubt that there are really good reasons to take it further into the Montera Carlo 
analysis. My reasons for thinking like this are because of the outcome you have presented shows that we 
have a span from 5 892 541 kr to 6 508 641 kr. A difference of about 616 100 kr that I think is very small 
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and not really important. I think most time probably should be spent on making sure that all that all costs 
has been identified and that they are determined with reasonable good quality. 

 


