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Abstract 

Decision-making framework for small business with limited available capital 

Master of Applied Science 2012 

Milad Arouni  

Program of Mechanical and Industrial Engineering 

Ryerson University 

In the world of business special attention is paid to entrepreneurs for their potential 

and large corporations for their impact on the market. Due to this, small businesses 

often fall short of resources and tools to help them grow.  

The aim of this dissertation is to introduce a framework for decision making to small 

businesses as a tool to help embed more structure into their organization.  

The framework was then applied to two distinct case studies to display its 

functionality and usefulness. The framework consists of several steps:  

1) corporate plan and financial assessment 2) a current state analysis 3) a 

quantitative and mathematical feasibility study of the decision  

The framework in each case study resulted in an objective and qualified decision. It 

also suggests that, due to the unique structure and characteristics of each small 

business, the framework proposed would only be relevant and applicable on a 

general level and more work is required to refine the details in order to be able 

apply it universally to business entities with limited working capital.   
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Chapter 1: Introduction and Literature Review 

Decision-making is a critical part of any business and is defined as “a 

fundamental part of the management process” (Hui-Chao, 2004). Critical thinking 

and efficient decision-making may reduce the need for resources such as manpower, 

time, and costs (Dicken, 1971).  As such, psychologists and economists have been 

trying to model decision-making for an individual (Edwards, 1954). Typically, 

decision-making has been approached in two ways in existing literature, qualitative 

and quantitative (Hui-Chao, 2004).  Qualitative decision-making research suggests 

that one’s personality and attitude can directly affect the decision-making process, 

whereas quantitative decision-making research suggests that numbers and statistics 

are the determining factors in the decision-making process (Hui-Chao, 2004).  

Simon categorizes decisions into two steps, programmed and non-programmed 

decisions (Simon, 1977). Programmed are the everyday decisions for a decision-

maker and non-programmed are strategic and other type of decisions. Hui-Chao in 

2004 expanded upon Simon’s theory and categorizes decisions into three classes: 

Short-term operating control decisions, periodic control decisions and strategic 

decision-making (Hui-Chao, 2004).  

Some of the existing literature has tried to specify several steps to model 

rational decision-making.  For example, Buzerman specified six specific steps 

(Bazerman, 2001, pp.3-4) and Cyert et al. have specified nine (Cyert et al., 1959). 
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Cooper et al. have suggested a structured approach to decision-making 

(Cooper, 1981).  A way to embed structure into decision-making is to come up with 

a framework for it, but first one must identify and define the decision maker.  

1.1 Who is a ‘Decision-Maker’? 

The business ‘decision-maker’ was really defined by Jon Stuart Mill in 1874, 

who came up with the term of “economic man.”  In an article Persky (1995) 

references Mill and his work where he argues that “[Political economy] does not 

treat the whole of man’s nature as modified by the social state, nor of the whole 

conduct of man in society.  It is concerned with him solely as a being who desires to 

possess wealth, and who is capable of judging the comparative efficacy of means for 

obtaining that end” (Persky, 1995, p.4). 

Later, Mill argued that “an arbitrary definition of man, as a being who inevitably 

does that by which he may obtain the greatest amounts of necessaries, 

conveniences, and luxuries, with the smallest quantity of labour and physical self-

denial with which they can be obtained” (Mill, 1874).  

This work later gave way to the term “economic man” which is defined as a 

model of a person with the following traits: 

1) He is completely informed and knows all the course of action that is 

open to him and realizes the outcomes of those decisions (Finetti, 

1937; Georgescu-Roegen, 1950; Edwards, 1954). 
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2) His decisions are infinitely sensitive, meaning that the alternatives are 

a continuous function and are infinitely divisible (Stone, 1951; 

Edwards, 1954). 

3) He is rational and can order the states in which he can get and make 

his decisions to maximize something (Edwards, 1954). 

1.2 The “Economic Man” 

The theory of an “economic man” has been argued, discussed and modeled 

for years in the academic world, in the business world and others for decision-

making strategies.  In the business world, this theory has been examined to better 

understand the behaviour of business executives, managers, and entrepreneurs.  It 

has been these studies that have led to some psychological and behavioural research 

comparing entrepreneurs to large business managers.  The results of some of these 

studies concluded that there are no differences between the two classes of 

businessmen (Busenitz & Barney, 1997; McClelland, 1961; Low & MacMillan, 1988; 

Brockhaus & Horwitz, 1982). A study by Busewitz and Barney (1997), examined the 

differences between entrepreneurs and large business managers in term of their 

surrounding environments. They argue that these differences exist not due to the 

psychological and behavioural differences but due to environmental conditions, 

resource availability, and existing structure of their decision-making process.  One 

of the major distinguishing factors in decision-making process between 

entrepreneurs and managers, noted in several papers, is the increased level of 



14 

 

uncertainty faced by entrepreneurs (Hambrick & Crozier, 1985; Covin & Slevin, 

1989), when compared to managers of larger firms (Mintzberg, 1973).  It is argued 

that because managers have more resources available to them, they are able to 

make more rational decisions (Busenitz & Barney, 1997). Furthermore, managers 

tend to have more time for making their decisions and therefore can examine more 

options.  Finally, there are elaborate decision-making policies and schemes available 

to large business managers (Busenitz & Barney, 1997; Nelson & Winter, 1982).  It is 

due to the entrepreneurs’ lack of these things that their decisions are mainly based 

on biases and heuristics (Pitz & Sachs, 1984).   

However, a problem arises when we start to talk about small businesses - the 

middle ground between large and entrepreneur businesses.  While there are many 

studies that examine the difference between these two, suggesting theories and 

frameworks for better and more effective decision making, many of these studies 

fail to focus on the business that falls between the two models - the small business.   

1.3 Definition of Small Business 

The ability to define a small business is important so as to avoid the 

misunderstanding of the term.  There have been several attempts at defining a small 

business (Scott & Bruce, 1987; Cooper, 1981; Carland et al., 1984; Bates, 1990; 

Culkin & Smith, 2000; Begley & Boyd, 1987).  Often, they are looked at as a small 

firm that is managed by its owner or part owners and has a small market share 

(Culkin & Smith, 2000).   
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In Canada and for the purpose of this paper, a small business is defined as an 

organization with less than 50 employees and one with revenue stream below five 

million dollars (Industry Canada, 2011). The Industry Canada definition for small 

business is a very general one. This generalization exists throughout the business 

and academic world. Small businesses are often referred to as a sector (Carland et 

al., 1984). This is not due to the similarities in the business operations or structure 

but because of the obvious and apparent differences that exist between small 

businesses and the rest of the corporate world.  

What makes a small business so different than what previous research has 

indicated is the minimally applicable or not applicable myth that a small business is 

simply a scaled down version of a large one. While this can be argued in terms of 

size and structure of the business, it is not completely true due to the key 

differences that exist in terms of the decision-making process and logistics.  Larger 

businesses are inherently more complex in their structure, organization, 

departmentalization, and specialization, as such; small businesses just do not 

function or act like large ones do (Culkin & Smith, 2000).  

Another key difference between small and large firms is the availability of 

capital or in simpler terms ‘deep pockets’ (Dean et al., 1998). Larger firms 

inherently have larger budgets to work with and therefore have more tools available 

to them. One can argue that any business has its limitations in terms of capital. This 

statement is true; a bad decision can have devastating effects on the survival of any 
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business, however it’s the availability of the resources that becomes the main 

distinguishing factor. A larger organization will naturally have easier access to 

financial support in terms of investors and banks; therefore, it can afford to invest in 

decision-making tools and resources. A small business by definition of Industry 

Canada can have an income of as little as $30,000 annually and therefore may not be 

able to readily purchase the same tools as a larger organization. Bates (1990) in his 

study points out that business owners with higher education and larger cash flow 

are more likely to secure a loan from a financial institution (Bates, 1990; Romano et 

al., 2000). 

As previously mentioned, a lot of the existing literature group small 

businesses with entrepreneurial firms in their comparisons of small and large firms. 

(Dean et al., 1998; Carland et al., 1984; Scott & Bruce, 1987; Bates, 1990; Edmister, 

1972; Gilligan et al., 1983; Begley & Boyd, 1987). While the two entities are very 

similar in the early stages of their operation, grouping a small business with 

entrepreneurs is not accurate. For instance, a small business past its’ inception stage 

has started to employ individuals and is either in its growth stage or in a state of 

maturity.  There are few papers that attempt to distinguish between the two classes 

of business.  

Carland et al. (1984) differentiated small business and entrepreneurship on 

the basis of innovation and whether or not the business is employing a new tactic or 

introducing a new product into the market. This paper also expands this idea to 
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argue that mid-size and large firms can also be regarded as entrepreneurial on this 

basis (Carland et al., 1984).  

Begley and Boyd differentiate between small business and entrepreneurship 

in psychological characteristics, company growth and profitability (Begley & Boyd, 

1987).  They define entrepreneurship holders as more of ‘A-type’ personalities, 

hurried, and hard-driving with aggressive profiles. In terms of company growth and 

profitability, entrepreneurships are fast growing whereas a small business 

concentrates more heavily on profitability (Begley & Boyd, 1987). 

While in both Carland and Begley’s papers emphasis on the distinguishing 

factor is placed on the business owner’s personality and appetite for growth, there 

are key organizational differences that do and/or should exist between the two 

entities (Carland et al., 1984; Begley & Boyd, 1987). Therefore, the true definition of 

a small business should ideally include all the aspects and theories that have been 

discussed above - the result of which is a complex entity that is vital to survival of 

any economy.  

1.4 What makes small businesses so important? 

Ironically, it is small businesses that play a more prominent role in existing 

economic models such as Canada’s.  There are more than one million registered 

small businesses in Canada in 2011 (Industry Canada, 2011). This number accounts 
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for over 98% of the total number of businesses and is responsible for over 48% of 

the total labour force across this country (Industry Canada, 2011).   

However, the survival rate of such companies is very low, for such reasons as 

limited capital and cash flow availability.  According to Statistics Canada, over 58% 

of these businesses fail before their 5th year anniversary (Industry Canada, 2011).  

Therefore, it is crucial to put in a place a vehicle to help these businesses survive, 

grow, and be prosperous beyond their first five years of operation.  Hence, it is 

especially important to define a framework that will work for a company that falls 

between the large business/corporation and being an entrepreneur. There is very 

little help that currently exists.  This is mainly due to a general lack of 

understanding, little research and few available tools.  It is the opinion of this writer 

that small businesses often are overlooked due to their existence between an 

entrepreneurial business and a large business.   

1.5 Small Business Decision Making 

One of the most useful tools that exist for a large firm decision-maker is the 

available data and past precedent cases. Additionally, there exist firms who 

specialize in gathering data and compiling them in meaningful stats to be used. 

Culkin and Smith (2000) in their paper wrote, “With any problem, the search for a 

solution almost always begins with past precedent; has it been seen before and if so, 

how was it handled.  If one can find a satisfactory solution in this manner, job done.  

Large businesses will likely have this structure in place.  However, in small 
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businesses, there is usually no place for a specialist and hence likely no past 

precedent” (Culkin & Smith, 2000). With the introduction of the world wide web and 

the slew of information that is currently available, small businesses now have access 

to past performances and decisions of other firms to help guide them in the decision 

making process. However, the challenge lies with knowing where to look and how to 

find reliable sources of information. So, the search for a solution may be random, 

trial and error or perhaps based upon the experience of another firm that had a 

similar type of problem.  Moreover, the information acquired may not be accurate in 

the sense of completeness. Dicken (1971) argued that an organization would filter 

out what they don’t know about and hence will never become aware of all the facts 

and will make decisions based on limited data. The issue with this type of problem 

solving is that for small businesses, resources and data available are limited. Hence 

the will increase uncertainty within a decision, without the decision-maker being 

aware of it (Dicken, 1971).  

Essentially, the decision-making unit is the owner/manager (Culkin & Smith, 

2000) and as such, there tends to be an over-emphasis on things such as control, 

lifestyle, and job security over rates of return on their investments (Romano et al., 

2000).  The business owner often lacks the necessary training to be a good decision 

maker. These business owners are often highly technical people with minimal 

business experience (Cooper, 1981). More often than not, the skill of running a 

business and decision-making comes with experience and making mistakes.  
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In a small business, it has been argued that financing decisions are 

determined to a large extent by the values, business objectives, and aspirations of 

the owner (Romano et al., 2000).  When problems are approached in this manner, 

uncertainties are increased, as decisions are not being made based on knowledge of 

particular situations but rather on biases and sometimes heuristics.  Contributing to 

the bias may be the import of only certain types of information, as many businesses 

do (Dicken, 1971).  As such, it is important to understand what an individual needs 

in order to make decisions that are educated and efficient. This kind of heuristics 

and biases are, in the opinion of this writer, the reason why small businesses in 

Canada have survival expectancy of only five years (Industry Canada, 2011). 

In order to prolong this survival period and rate, small business owner must 

receive proper and adequate training and education in managing a business and 

decision-making or they must be given tools to help guide their decision-making and 

management processes. Management education and training is not always readily 

accessible and is a very time consuming process. A small business owner is often 

pressed for time to a point that his or her personal and professional life become one. 

Therefore, in order for a small business owner to make better-educated decisions, it 

is critical for he or she to have adequate tools and resources available.   

1.6 A review of some existing frameworks  

The current literature is consistent of many decision-making frameworks. 

These papers focus predominantly on probability theory and programming 
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techniques such as Linear Programming Technique for Multidimensional Analysis of 

Preference (LINMAP) (Wang & Li, 2012; Srinivasan & Shocker, 1973). This 

technique is based on weighted outputs for decision-making and comparisons of 

alternatives. Much like the LINMAP the classical model of multiple criteria decision-

making model is also based on prioritization and evaluation of existing alternatives 

(Wang & Li, 2012). These models and techniques are highly mathematical and 

require an understanding of programming theory and statistical analysis - a skill not 

common to a small business owner. Campanella et al. (2011) in their framework 

explain the typical model for decision-making based on an m×n matrix. Where m 

represents the number of alternatives and n, the number of criteria. Each value in 

this matrix is between 0 and, 1 which represent “not satisfactory” or “complete 

satisfaction” respectively (Campanella & Ribeiro, 2011). This field of study is 

extended to incorporate uncertainty (Atanassov, 1986; Zadeh, 1965), the relative 

importance of each criterion, fuzzy logic (Campanella & Ribeiro, 2011) and etc.  

While, these decision-theories and frameworks are excellent tools to help in 

understanding the mathematical theory of decision-making; they are not practical 

tools. Most existing literature and frameworks in the field of decision-making are 

based on complex mathematical theories and applications, which are not suitable 

for everyday operations of a small business owner.  
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1.7 Existing Gap for Small Business Framework 

 The existing literature in decision-making and small business cover a range 

of topics that are worthy of review and further study. Decision-making literature 

has the tendency to approach the subject from either a purely mathematical (Bates, 

1990) or psychological point of view (Gilligan et al., 1983). Small business literature 

on the other hand is most focused on the behavioural and characteristic of the 

owner(s) (Culkin & Smith, 2000), which is consistent in explaining why the 

literature often groups small businesses and large organizations together. Existing 

papers make the argument that a small business is not “a small large business” due 

to the influence of the owner on its operation. However, what gets lost in that 

translation is that small business is also not “a large entrepreneurial firm.” In a small 

business , there must exist elements of organization, structure and rational decision-

making. As such, falling in between the two business classes requires a hybrid model 

of decision-making and a new set of tools that differ from ones available to 

entrepreneurs and large businesses.   

The objective in this thesis study is to create a decision-making framework 

for small businesses with special consideration to their limited capital. This is done 

while considering the above statement that a small business is a simply “a small 

business” and should be treated and considered as a separate entity in the economic 

world. Hence, it will require a set of unique tools and guidelines that would help the 

business owner in his or her daily operations, logistics and decision-making.  
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 In the following chapters, a framework will be developed and proposed 

based on careful examination of previous studies and utilization of logistical and 

tactical methods of operating a business.  Then, the proposed framework will be 

tested through implementation in case studies with two distinctly different business 

models with unique decisions.   

 The framework developed in this thesis will be a preliminary step in creating 

a set of tools to help small businesses.  It is the anticipation of this writer that this 

framework will serve as a tool similar to what is being used in large corporations 

with special consideration of its end users - small business managers; thus 

ultimately introduce more structure and certainty into logistics and decision-

making practices, while being cognizant of the limited capital availability, to help 

their survival chances.   

1.8 Who could use this framework? 

The framework proposed in this thesis study is intended for small business 

decision-makers who are operating a small business as defined above.  The 

framework is designed to cater to the owner/decision-makers with little to no 

business management education and to identify a series of steps and tools, which 

can be used in order to make a more rational decision based on available data and 

facts. This structure will inject more objectivity to a business environment and will 

step away from a more traditional decision-making in small business, which is 

based on little to no available data and often is based on ‘gut feeling’. 



24 

 

Though this framework can be applied to all levels of business for any type 

decision-making, it will be far less detailed than what is being used in large 

organizations by the executives and managers, however, it will demand due 

diligence and will impose a data driven mentality that is on par with ideals of those 

organizations. The small business decision-maker would be able to apply each step 

and go through a logical decision-making process with little use of heuristics.  
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Chapter 2: Proposed Theory 

“Decision-making is regarded as a fundamental part of the management 

process” (Hui-Choa, 2004; Gilligan et al., 1983) and it is vital to the survival of all 

businesses regardless of their size. Large organizations usually have decision-

making processes in place to ensure a more quantitative approach (Nelson & 

Winter, 1982), while entrepreneurial and small organizations rely mostly on 

qualitative knowledge and experience (Barney & Wright, 1998). Several theories 

currently exist regarding the procedure and logistics of making a decision. Cyert et 

al. in 1959 broke down the decision making process into 9 distinct steps. These 

steps are 1) Forecasting competitors, 2) Forecasting Demand, 3) Estimating average 

unit cost, 4) Specify objectives 5) Evaluate, 6) Re-examine cost estimate, 7) Re-

examine demand estimate 8) Re-examine profit goal, and 9) Deciding (Cyert et al., 

1959). Bazerman, in 2001, came up with the theory of dividing the decision making 

process into 6 steps. These steps comprised of 1) Characterizing the problem, 2) 

specify all criteria, 3) evaluate all criteria, 4) produce relevant alternatives 5) 

evaluate each alternative 6) determine the highest perceived value. (Bazerman, 

2001)Earlier Hammond et al. in 1999 characterized elements of smart choices in 

eight steps. Moreover, in an article by Lee and Wirasinghe in 2010 this process is in 

seven steps (Lee & Wiashinghe, 2010).  The steps mentioned in all the 

aforementioned decision making processes are general logical steps, which provide 

little guidance to the decision-maker and would be of little use to a small business 
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owner whom often has limited management skills and is pressed for time. 

Therefore, in order to create a decision-making procedure or framework for a small 

business owner, one must include a few of features. Firstly, a decision-making 

framework must be simple to understand. Often, as the case above the steps in 

decision-making framework is general, which leaves the decision-maker to interpret 

the process as he or she sees fit. Secondly, a decision-making framework must 

specify tools and resources for each step. By specifying appropriate tools, the 

decision-maker is able to understand and follow the process more accurately.  

The decision-making framework proposed, in this paper, is designed to 

introduce a more structured and quantitative approach to the decision-making 

process of these businesses while taking into account capabilities and capital 

availability. This framework can be broken down into 3 major steps/milestones. 

These steps are designed to take a holistic and broad approach to each problem in 

order to solve them. They comprise of (1) corporate plan and financial assessment, 

(2) a current state analysis and finally (3) a quantitative and mathematical 

feasibility study of the decision (see Figure 1).  

The three steps chosen are based on a simplified version of the decision-

making procedure from Cyert et al (1984) The nine steps mentioned in this study 

are categorized into three major steps. These steps are designed to help the small 

business owner to go through his or her decision-making process by first, looking at 

the market and the where company fits. Second, to look at capabilities and identify 
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criteria available to him or her within the company. Third and last is to evaluate the 

options and alternatives by means of mathematical model and with access to data.   

Each step is broken down further into more detailed sub-steps where the 

business owner will have an option of tools that he or she can use in order to 

complete the step. For example, the first step is the corporate plan and financial 

assessment. This step can involve the use of a range of tools, which will be discussed 

later on. The entire framework is designed this way so that the small business 

owner can easily pick the tools that are most convenient and accessible to them. It 

should also be noted that this framework is designed with a simplistic approach in 

order to enable a business owner with little to no business education and know-

how. He or she would be able to: 

1) Assess the market and the position of the company 

2) Assess the capabilities of the company based on data available 

3) Make a decision based on mathematical evaluation of available 

alternatives 

While the framework seems to be general and applicable to all business sizes, 

it is designed to better fit with the small business setting. This is done through 

several key features. Firstly, the simplicity of the framework will allow any business 

owner regardless of their educational background and business experience to 

understand the logic and reasoning. More often than not, complicated processes are 

rejected by owners because they do not understand them and their benefits. 
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Secondly, the framework is based on the assumption that small businesses do not 

operate with appropriate structure put in place to adequately succeed. This point is 

directly tied to the definition of a small business - discussed above.  

It is worth mentioning that this framework compared to traditional decision-

making processes is not adequate for large businesses and firms due to the 

complexity of the organization and existing relationships between decision makers. 

This framework must become more detailed to account for several other factors 

such as management - employee relationships in order to be adequately applied to 

larger firms.  

2.1 Corporate Plan and Financial Assessment 

This step comprises of performing a full assessment of the organization with 

respect to its competitors in the market. Here, the decision-maker assesses the 

competitors, does an extensive SWOT (Strengths, Weaknesses, Opportunities, 

Threats) (Pahl & Richter, 2009) analysis and finally, an overview of market channels 

and applications. SWOT analysis is a planning tool technique that was developed in 

1960’s by Albert Humphrey and used to evaluate a companies strengths, 

weaknesses, opertunities and threats. The above mentioned tools and techniques, 

will enable the decision-maker to obtain a detailed view of all external factors that 

would affect the organization and enables him/her to assess details, such as timing 

of the decision and its possible outcomes for the company with respect to the 

market.  
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There are other tools that can be used to fulfill the requirements of this step. 

One of these tools is a gap analysis, where the business owner will determine the 

gap that exists between the market and his or her company.  There are many other 

tools that can be used in this step. The main aim of utilization of these tools is to 

bring the business owners attention to the market that he or she is operating in. It 

will also allow the owner/decision maker to get a good understanding of the relative 

position of the company with respect to its competitors.   

2.2 Current State Analysis 

After looking at all the external factors and implications of the decision, the 

next step is look within the organization and analyze its current state. In this step, 

the decision-maker looks at all the factors that would be involved and/or require 

modification. This step is mostly a data collection step for the company where 

information such as finances, production, manufacturing, overhead, etc. would be 

collected and analyzed. In cases where modeling current states are complex, 

simulation softwares are available to help the decision-maker produce an accurate 

model. The aim of this step is to verify whether the current state of the organization 

would be sufficient for decision implementation. With smaller firms, this step 

usually reveals the low capital availability. Here the decision maker would look for 

alternatives to make the activity/decision a reality. This information is then used in 

the next step, which is the decision feasibility.  
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Figure 1 - Decision-making framework for small businesses
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2.3 Decision Feasibility Assessment  

The final step in this decision-making framework is an extensive feasibility 

study. In this step, the decision-maker, after taking into account the considerations 

from the previous steps, assess the possible alternatives and options with a purely 

quantitative approach. This is done through use of either mathematical or 

simulation modeling. Mathematical modeling can be used when the number of 

variables in the decision is small and the decision making can be done through 

simpler mathematical operations. In these, simpler cases, based on the uniqueness 

of the decision and the influencing factors a simple mathematical model is created. 

This model will include all the factors and variables which enables the decision-

maker to assess the outcome of each alternative.  

In more complex cases, where it is difficult to accurately model a decision via 

simple variables and equations, simulation softwares can be used. These softwares, 

will take into account all the parameters required to create a model that will mimic 

the problem/decision and allow the decision-maker to see the alternatives available 

and their associated outcomes. The use of these softwares would require an 

additional sub-step in the framework, which is the verification and the validity of 

the input and output data to ensure statistical significance of the results. It is called 

input and output analysis.  The abovementioned steps will help a decision-maker in 

a small business, structure his/her decision process. It will allow for more 

informative and objective decisions.  
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In the following sections, the framework above is used in two separate case 

studies with small businesses, to display its use and validity of the proposed 

framework for small business decisions with low capital availability.  

The first case study, will address an outsourcing decision for a small 

engineering firm, that is attempting to enter the manufacturing sector. In this case, 

the feasibility study required the use of a simulation software, Arena, to accurately 

model the existing production and also assess the possible alternatives.  

The second case study, focuses on a purchasing and marketing decision for a 

small construction company. This decision is heavily reliant on a revenue vs cost 

comparison, which is done through development of mathematical models based on 

the existing variables. 

The purpose of these case studies is to firstly demonstrate and validate the 

proposed framework and secondly to show its versatility in its applicability to a 

variety of decisions for any small business with limited capital.  
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Chapter 3: Methods 

This paper used two industry based small business case studies.  The first 

was of Embedded Sense Inc. and the second was of Manet Company.  Each case 

study followed the steps proposed by the framework. The decision-making 

procedure began with a detailed market analysis using available information on 

market trends, existing competitors and other public data. The next step included an 

overall look at the state of the company - its finances, direction and market analysis.  

This was conducted through an informal interview process. Finally, a feasibility 

analysis determined a final conclusion.  The feasibility step utilized a mathematical 

model based on the company’s specific circumstances.  Using this mathematical 

model, a sensitivity analysis was done to help determine the best decision for the 

company.  

3.1 – Case Study 1: Embedded Sense Incorporated (Company Overview) 

Embedded Sense Inc. (ESI) is a small business engineering firm that has been 

operating since 2004 and has a small but growing global client base of repeat 

customers. The company’s core competency has been its flexibility to design and 

deliver entire products with detailed specifications to its customers. The company 

has a dedicated production facility, where most of the assembly and testing are 

done. When required, ESI uses specialty companies to source parts and components 

for its projects.  
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Since 2008, the company has been making progress towards developing its 

own line of microcontroller boards, Original Equipment Manufacturer (OEM). With 

this addition, the company is anticipating a large spike in production and will need 

to prepare itself for potential demand increase of its products.  While, the addition 

of the new division to the company will ideally require its own manufacturing 

facility, tools, and equipment; such resources are not viable for this small business. 

It is not possible to allocate the funding required for a new facility. ESI is looking to 

make a decision to either build its boards in-house and possibly expand the current 

production line or outsource the manufacturing of its boards.   

3.1.1 – Corporate Plan, Financial Outlook and Market Analysis 

The ESI case was conducted over a short period of only four months. First 

step of the framework required an in-depth investigation of ESI’s corporate plans 

and financial outlook. In this step, it was necessary and critical to know and assess 

the relative position of the company with respect to the market and also to be able 

to accurately draw a current financial picture. This will then allow for a more 

informative and comprehensive decision base in regards to the future of the 

company.  

A thorough and detailed assessment of the potential market for the 

microcontroller boards was conducted. Several factors that had to be taken into 

account; including the i) search for potential competitors, ii) Strength, Weakness, 
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Opportunity and Threats (SWOT) analysis iii) analysis and selection of market 

channels within the line’s production capabilities.  

The investigation of ESI’s corporate plan and financial outlook started with 

several meetings with the president and CEO of Embedded Sense Inc. where 

informal interviews were conducted.  In these interviews, questions pertaining to 

the general direction of the company, overhead expenses, marketing and advertising 

budget as well as cash flow was discussed and recorded.  

The production manager and technicians at ESI were also interviewed 

throughout the four-month observation period. In these interviews, the participants 

were asked to verify the gathered data, the random variable distribution mock-ups 

that was created from the gathered data, and models as well as give insight into why 

and how the production process has been setup in its current state. The data, 

random variable distributions for input and models were recorded and created by 

this investigator based on observations. 

3.1.2 – Assessment of Current State of Production  

The second step of the framework involved monitoring and acquiring data 

from the production process. In this step, all the process times were recorded from 

the time an order was received to shipping. Due to a lack of sufficient time period of 

observation, in the case of Embedded Sense Inc., the number of physical time 

measurements for each process was limited. During the four-month period of this 

study, ESI’s engineering division handled only five projects, one of which, included 
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work by the OEM division. However, a fair representation of each process was done 

with the use of measured data and information from production manager at ESI 

regarding past projects.  This data was verified by the production manager at every 

stage of the process and then mapped to the closest mathematical distribution using 

a best-fit curve based on available data. The acquired distribution models and 

parameters were entered into a simulation model. This model consisted of an 

accurate representation for day-to-day operations at ESI. Next, the existing model 

(Current State of Production Model) was analyzed for validity of results with respect 

to statistical significance and error percentage.   

3.1.3 – Assessment of Feasibility 

The final step of the proposed framework involved the suggestion and 

modeling of alternate manufacturing processes and to investigate their performance 

and feasibility. To do this, separate interviews where held with the human resources 

(hr) manager and production manager. 

During the course of interviews with hr manager, the feasibility of hiring 

more personnel and the true cost of hiring an employee was discussed.  Moreover, 

the subject of hidden costs pertaining to time taken from managers and 

interviewers during the process of hiring was discussed and labeled as a major 

concern for a growing small business such as ESI. 

The interviews with the production manager involved discussions about 

costs of new equipment acquisition, cost of training, the nature of a learning curve 
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and costs associated with maintenance, repairs and production downtime. 

Furthermore, the alternative solutions such as outsourcing were deliberated on.   

The results from these alternate models were statistically validated and then 

compared with ones from the “Current State of Production Model”.   

3.2 – Case Study 2: Manet Company (Company Overview) and FIT/microFIT 

Program (Overview) 

Manet Company is a small construction firm in Thornhill, Ontario, which 

specializes in construction projects of single and multi-family residential dwellings. 

It has been operating since 2005. The company’s core competency is its ability to 

deliver a customized project from conception to completion. As a construction 

company, it is vital for Manet to be involved in latest green projects and Manet 

Company has shown interest in participating in the FIT/microFIT program, 

explained below.  

What is FIT/microFIT program? 

Today’s energy consumption and industry survival is very dependent on raw 

materials of which coal and crude oil are at the forefront.  The use of these resources 

has increased dramatically as the earth’s population and demand for energy has 

increased. Unfortunately, the increase in demand may be more than the supply 

available; it is estimated that the coal and crude oil will be used up in the future. 

Additionally, the use of these materials to create energy has created an 
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insurmountable amount of pollution that has negatively affected the quality of life 

on earth for all organisms.   

The aforementioned reasons are at the forefront of why renewable energy 

sources are a necessity for earth’s survival. These sources include, wind, solar, 

biothermal/geothermal, and water. Fortunately today, many countries have 

recognized the need for employing renewable energy sources.  Some of the leading 

countries in renewable energy initiatives include the United States of America 

(USA), Canada, Germany, and United Kingdom (UK). These countries are running 

several programs, including Feed-in Tariff Program (FIT Program), to promote the 

use of renewable energy sources for consumers, commercial and industrial 

businesses.  

Amongst these FIT programs, Germany has been the most successful 

(Jacobsson & Lauber, 2006) and as a result has been used as a model for the UK and 

Canada’s FIT program (Toronto Star, 2011). The Ontario Power Authority (OPA) 

introduced Ontario’s FIT program in 2009 (Legislative Assembly of Ontario, 2009). 

The FIT program was divided into two categories of systems with capacities of over 

and under 10kWh; FIT and microFIT respectively. The program allows for 

individuals to install and operate renewable energy facilities and sell the produced 

energy to their local hydro company at a swollen rate.  The FIT/microFIT 

segregation allows for consumers and businesses to participate in this program with 

even a small investment.   
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The rates vary depending on the renewable energy source, type of 

installation and size of project. For example, a 10kWh ground-mount solar system 

pays a rate of approximately 64.2 cents per kilowatt. Table 1 and Table 2 show the 

different rates depending on renewable source, type of installation and size for the 

microFIT and FIT programs respectively.  

Table 1 - microFIT program prices and rates (Ontario Power Authority, 2009) 

micro Feed-in-Tariff Program 
Prices for Renewable Energy Projects in the microFIT Program 

Base Date: September 30, 2009 
Renewable Fuel Contract Price Cents/kWh 
Biomass 13.8 
Biogas 16.0 
Waterpower 13.1 
Landfill gas 11.1 
Solar PV Rooftop 80.2 
Solar PV Non-Rooftop 64.2 
Wind 13.5 
 

An individual or business can participate in either of these programs by 

going through an approval process for a renewable energy project. Once approved, a 

20-year contract is signed between the project owner and the Ontario government. 

As per this contract, regular payments are made to the owner depending on his or 

her project’s energy production on a monthly basis. 

3.2.1 - Corporate Plan, Financial Outlook and Market Analysis 

The first step of the framework applied to Manet Company’s decision-making 

for microFIT/FIT participation decision was done in a similar fashion as with ESI’s 
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case. The Manet Company case was conducted over a short period of five months. 

First, an in-depth investigation of corporate plans and financial outlook was 

conducted through informal interviews with the company president and owner 

regarding specific details of the company finances pertaining to overhead costs, 

revenues, and profit margins as well as product turn-around time (TAT). The 

financial information gathered drew an accurate representation of the current state 

of the company.  

Table 2  - FIT program prices (Ontario Power Authority, 2009) 

Feed-in-Tariff Program 
Prices for Renewable Energy Projects in the FIT and CFIT Programs 

Base Date: September 30, 2009 
Renewable Fuel Size tranches Rate Cents/kWh Escalation % 
Biomass    
 ≤ 10 MW 13.8 20% 
 > 10MW 13.0 20% 
Biogas    
On-Farm ≤ 100 kW 19.5 20% 
On-Farm > 100 kW ≤ 250kW 18.5 20% 
Biogas ≤ 500 kW 16.0 20% 
Biogas > 500 kW ≤ 10 MW 14.7 20% 
Biogas > 10 MW 10.4 20% 
Waterpower    
 ≤ 10MW 13.1 20% 
 > 10 MW ≤ 50 MW 12.2 20% 
Landfill gas    
 ≤ 10MW 11.1 20% 
 > 10 MW 10.3 20% 
Solar PV    
Rooftop ≤ 250 kW 71.3 0% 
Rooftop > 250 kW ≤ 500 kW 63.5 0% 
Rooftop > 500 kW 53.9 0% 
Ground Mount ≤ 10 MW 44.3 0% 
Wind    
Onshore Any Size 13.5 20% 
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The interviews were directed around the company’s strong desire to 

establish itself as a “green” organization and to reduce its carbon footprint. The 

second main discussion point was in regards to existing state of the market and the 

direct competition. Last point, was in regards to customers’ tendency to choose a 

“green” construction company over other and the potential marketing edge that this 

project would give the company.   

Like ESI, a thorough and detailed assessment of the market and potential 

market for Manet was conducted.  Similar to ESI’s case, this task proved to be a 

complex one, which included the i) search for potential competitors ii) SWOT 

analysis and iii) analysis and selection of applications and market channels who 

either use or can use existing FIT/microFIT participants. 

3.2.2 – Assessment of the Current State of Production 

Second step of the framework was the internal assessment of the Manet 

Company. In this step, informal interviews were conducted with the company 

president and owner regarding the specific details of the company finances 

pertaining to overhead costs, revenues, TAT, and profit margins. The financial 

information gathered helped in drawing an accurate representation of the current 

state of the company.  The decision of participation or purchase in this case was only 

dependant on only the cash flow and consequently the turnaround time of Manet. 



42 

 

This was due to the simple business model that Manet Company has adopted with 

limited overhead and liquid assets.  

3.2.3 – Assessment of Feasibility 

In the final step of the framework, results acquired from the previous steps 

were used for a brief/small elimination process to determine the type of system that 

should be used in the event that participation in the FIT/microFIT program is 

feasible.  Then, using the system chosen, analysis is partitioned into two sections; a 

cost and revenue model. Each of these models has a set of variables to be considered 

and calculated for each selected system. In a following step, these models are 

plotted on the same graph to show the optimal size of system that should be used at 

Manet Company.  
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Chapter 4: Results  

4.1 Embedded Sense Incorporated 

4.1.1 Corporate Plan, Financial Outlook and Market Analysis 

Results for this section are a culmination of responses from the president of 

the company on a series of informal interviews and i) in-depth research done on 

potential competitors, ii) a detailed SWOT analysis and iii) analysis and selection of 

market channels within the product line’s capabilities.  

Competitors 

There are many similar boards in the market from different manufacturers 

such as Atmel, Arduino, Olimex, Zorin, Rabbit, Parallax and Zilog; however, the 

most notable competitors are Zorin Co., Arduino, Parallax, and Rabbit. Most of the 

above mentioned and existing companies produce development tools; however, the 

four competitors, mentioned above, are active within ESI’s target markets. 

Zorin Co. is a small company based in Seattle with a partnering branch in 

Ghana. The company has been running since 1985 with activities in Internet hosting 

and software solutions.  Zorin Co. produces several boards, one of which is a 

microcontroller with a Buffalo HC-11 MCU. Although Zorin does not seem capable of 

competing with ESI’s line, it is good to be aware of their existence and note their 

capabilities as a future competitor.  
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Arduino, based in Italy, is focused on robotics boards and is currently one of 

the sole sources for robotics controllers. Arduino’s simple programming and easy to 

use interface is their sole market strategy and advertised feature. Arduino boards 

are very popular with the Robotics retailers due to their low price and visibly 

appealing boards. Arduino’s boards do not have the capabilities and the I/O 

interface of ESI but their market popularity and settlement makes them the primary 

competitor for ESI in the robotics market segment. (See Figure 2) 

 
Figure 2 - This is the Lilypad design by Arduino. The capabilities of this board are comparable to ESI’s 

E8160 board (Arduino, 2010) 

Parallax is a California based company that focuses on variety of boards and 

gadgets; their primary market is a hobbyist. Developed in the 1990’s, they have 

developed four microcontroller models that retail around $90.00 (USD) and are 

equivalent to E8160 model at ESI.   

Rabbit is the biggest competitor for ESI. Rabbit is a branch of a Digi 

International Company with a net profit of $44.5M (USD) per quarter (Digi 
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International, 2011). Currently, Rabbit is host to many types of single board 

solutions and their ability to produce their own MCU makes them flexible on cost. 

Rabbit’s boards are not readily integrated and there is no robotics sector in their 

sales. However, given their size and resources, Rabbit can at any time develop and 

launch a competing line.  

SWOT Analysis  

Strengths:  ESIs OEM line is very versatile and easy to adapt to any 

application.  Its low power consumption and I/O (Input/Output) interface make it 

ideal for any product or market.  The stack design and small size allows the user to 

design the entire product with ESI’s embedded, interface and accessory products.  

ESI has knowledgeable staff members that are ready to support its customers.  Past 

experience in various projects and applications make it easy for ESI to produce and 

meet customer’s needs. 

Weakness:  The line is a brand new product in the market. ESIs small in-

house production leads to longer production time and higher cost.  ESI has no 

partnering distributors and limited advertising budget. 

Opportunities:  New markets are emerging from a yearlong recession (at 

the time of this study). Trade restrictions are being lifted between the USA and 

Canada.  
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Threats:  Well-established and better-known competitors present in the 

market segment are likely to be threats. 

Applications and Market Channels 

The products to be introduced are high level, application based, 

microcontroller / development boards using Microchip PIC controllers as the 

microcontroller unit (MCU). These boards have been labeled as E8100, E8120, 

E8140, and E8160 starting with highest performance based board and decreasing in 

size and speed respectively. The E81xx series are low cost, space efficient and highly 

flexible boards that can be interfaced with any existing products to accelerate time 

of delivery to the market while providing high intelligence and control for a variety 

of tasks. Moreover, the support software makes the boards very easy to program 

and debug.  With the boards’ high interfacing capabilities, the entire line can be used 

as a complete control system for number of application where master-slave or stack 

concept is necessary.  Furthermore, the line is supported with a series of add-on 

accessories that enable the user to integrate and deliver a more complete, unique 

and specific design that can all be done in small and time efficient steps. 

As a highly flexible and versatile line, the E81xx series can be placed in many 

market segments. However, it may be difficult or a nearly impossible task to 

establish and gain exposure in all the market segments that are available to ESI for 

this product release. Therefore, ESI’s focus will be towards a distinct number of 
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market segments in order to maximize exposure and display the necessary 

customer support for the products. 

These market segments have been researched, studied and are believed to be 

the best suited for the existing line based on available application, relative 

resemblance of use, markets available and trends. These market segments are 

classified as i) robotics, ii) data acquisition in research and medical applications, iii) 

energy consumption monitors, and iv) application management.    

i.  The robotics market has been growing consistently for the past 2-3 years in 

two sectors, automation (industrial robot in assembly lines) and smaller 

robotics used in professional and personal environment. While both sectors are 

target for ESI, the later sector is a much “younger” segment and has more room 

for development and expansion. The next two figures (#3,4) are taken from the 

2007 robotics market analysis, which shows the trend and projection of the 

market in professional and personal robotics sectors.  

As seen in Figure 3, considerable growth is expected in the defense, security 

and field robotics sector while the logistics sector shows a smaller projected 

increase. Figure 4 shows the spike that the industry will experience with 

entertainment and leisure robots in the upcoming years. It should be noted that 

at this point in time, there is only one notable manufacturer of robotic vacuum 

cleaner company by the name of iRobot. This will undoubtedly increase in the 

upcoming years, as the patent protection period for the iRobot will expire.  
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Figure 3 - Service robot sector for professional use (International Federation 
of Robotics, 2008) 

Figure 4 – Projected growth of personal and domestic robotics sector 
(International Federation of Robotics, 2008) 
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The estimated growth of the service robots was for 12.1 million new robots 

to be made in 2008-2011. From this estimate, 4.6 million would be vacuum 

cleaners and lawnmowers, while 7.4 million units will be entertainment and 

leisure based.  

ESI’s boards are a great fit for the abovementioned robotics sectors. With 

high number of input and output ports (I/O ports), interfacing drivers and their 

low consumption of energy, the ESI line is the perfect candidates for small size 

robotics applications. Furthermore, the targeted customers in this sector are 

different from other competitors; ESI will be marketing primarily to robotics 

hobbyists, children and teens, and university students and professors with 

related field of study. 

ii.  Much like the robotics sector, data acquisition in research and medical 

application products are on the rise with the introduction of new technology 

and methods of acquiring information from both patients and research subjects.  

Today, the medical equipment manufacturers are using more and more 

development tools to reduce time-to-market on their products and with the 

introduction of wireless application, more and more devices are adding the 

module to their product lines. Kumar (2008) presents this in an article. 

ESI’s boards are easily integrated with Wi-Fi modules in a one-step process 

by clipping the Wi-Fi module onto the board. This feature together with low 

power consumption of the boards makes the E81xx line very attractive to 



50 

 

medical and data acquisition markets. Currently, the integration of Wi-Fi is a 

relatively new procedure in the market; therefore featuring the Wi-Fi option 

would be a prime marketing strategy for ESI.  

The Medical Market Fact Book-2008 (Espicorn, 2008) shows that the 

medical device industry was at a $223.2B USD worth of sales in 2009 and has 

continuously experiencing a constant annual growth until 2013 (see Figure 5 

and Table 3). 

Table 3 - Global market for medical devices and forecast (Billion US Dollars) 
(International Trade Administration, 2010) 

Region/Year 2009 2010 2011 2012 2013 
Americas $102.4B $107.1B $112.1B $117.4B $122.8B 
Asia/Pacific $42.5B $46.1B $49.9B $54.3B $58.9B 
Central/E Europe $10.3B $11.3B $12.4B $13.6B $14.8B 

Mid East/Africa $5.7B $6B $6.3B $6.7B $7B 
Western Europe $62.3B $66.7B $71.6B $76.9B $82.5B 
Total $223.2B $237.2B $252.3B $268.9B $286B 

 

iii.  In today’s market, there is a growing concern regarding energy efficiency and 

in light of a recent outgrowth in energy prices, the awareness for consumption 

has increased. In this market, several companies have already developed 

products that allow a household, business, and factory to review and monitor 

their consumption. This application is fairly new to the market and based on the 

available data, market and technology this trend seems to be a good target 

market for the E81xx line.  
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Figure 5 – Medical devices industry and projection 

Recent studies have shown that more people are becoming aware of the 

term “carbon footprint” (Natural Marketing Institute, 2010). This term simply 

calculates the consumption of an entity and measures its impact on the 

environment. According to the research by Natural Marketing Institute’s LOHAS 

Consumer Trends Database in 2010, 73% of Americans are aware of the term 

Carbon Footprint; that is an increase of nearly 20% from 2008 (Natural 

Marketing Institute, 2010). This increasing awareness, together with upward 

trend in energy prices, shown in Figure 6, has made a number of people aware 

of their energy consumption, electricity and gas in particular.                                                                                                                              
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Figure 6 - Average electricity prices in the past years & projection from 00-10 
(National Energy Board, 2011) 
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iv.  The application management sector is directly linked to the energy 

consumption and energy efficiency topics mentioned in the previous section. 

ESI has past experience in power management applications (Iron Mountain) 

and the OEM line’s capability supports this application well. Given the 

numerous government programs for energy efficiency in commercial and 

industrial sectors for energy efficiency and power management, ESI has the 

opportunity to establish itself and the OEM line as the primary source for power 

management and building automation systems. Currently, there is a vital need 

for control of different sectors of an assembly plants and to be able turn certain 

machines off remotely. This program has already been initiated in Europe with 

great success and is currently being used by automakers.  

The typical trend in the allocation of the above mentioned investments are 

60% in the building sector, 25% in industrial sector, and 10% in the 

transportation sector of the market. Moreover a recent study has shown that 

about three quarters (72%) of organizations are now paying more attention to 

energy efficiency and energy savings due overall cost reduction and government 

incentive programs.  The government programs and increasing awareness of 

businesses to reducing operational cost is a good opportunity for ESI. 

4.1.2 – Assessment of Current State of Production 

To assess the current production capability of ESI, a simulation model was 

created on Arena simulation package.  Given the overall turn-around time of 20-30 
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days at ESI; and also, the random or inconsistent nature in which inquiries arrive, 

the acquisition of adequate quantity of entries was very difficult in the short period 

of time (4 months).  

An existing production model of ESI was done on the Arena Simulation 

package with the use of about 20 process blocks. A number of variables must be 

defined in each of these blocks, namely the randomness by which the process is 

governed and also the number of workers or tools required. In order to accurately 

model each block, a series of physical time measurements are taken and then 

compared with the most accurate random distribution model; using the various 

methods of goodness-of-fit test, like chi-squared. 

Figure 7 – Current ESI production layout 

 

The existing layout for production at Embedded Sense consists of one 

production manager, two engineers and two technicians / assemblers. As 

mentioned previously, ESI has an engineering division and is now adding an OEM 

division. Hence, two separate lines for production of engineering and OEM products 
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were drawn in the simulation model. These two lines are separate only in the early 

stages of production for any given project, during the stages of design; revision 

differentiation (Rev Det), part acquisition, and part verification. In the stages of 

assembly and testing, the two separate lines will converge into one, where the 

production rules of operation-due-date apply. A simplified graphical representation 

of this layout is shown in Figure 7.  

Input Modeling  

Using a combination of recorded and previous data from the production 

manager, a fair representation of each process was acquired. These numbers were 

entered in the software package called Easyfit to determine the “best-fit” 

distribution for each process. In Easyfit, the chi-square test is used as the goodness-

of-fit test due to sample sizes of or larger than 5.  

Chi-squared test requires to classify the data in several equal probability 

intervals higher than 5. Then using the following formula χo2 is calculated 

(Greenwood, 2006) 

χo2 = �
( Oi − Ei)2

Ei

k

i=1

 

In this equation, Oi and Ei represent the observed and expected frequency 

result for the ith number. For example in 100 data in 10 intervals the expected 

number in each interval using a uniform distribution Ei = 10. The next step in the 
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Chi-squared test compares χo2 to χα,k−s−1
2 . This is acquired from the Chi-squared 

percentage table, included in Appendix A, with degrees of freedom k-s-1 where k is 

number of intervals and s is number of estimated parameters in the distribution. For 

example, for triangular distribution, s=3. 

Next, the determined distributions, using chi-squared goodness-of-fit, were 

entered in the simulation model and the system was simulated. The best-fit-curve 

results can be found in Appendix A.  

Output Analysis  

Accurate input modeling allows for the Arena software package to simulate 

the system accurately, however, output analysis and verification of the results in the 

Arena model is required to verify the truth and the statistical significance.  

The simulation model was used to gain better insight on the adequacy of the 

existing production layout. In order to do this, output analysis was done on the 

results and parameters of the model. Through performing output analysis, the 

results of the simulation model are verified for statistical significance and reduce the 

significance level and conversely increase the confidence coefficient on the result 

distribution. It is desirable to have results that are purely random and not 

dependant on any factor, hence not statistically significant. 

The results of the ‘output analysis’ of the ESI model shows that the model 

must be executed 50 times in order to achieve desired results with the significance 
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level of 5%. The calculations and tables for calculating the feasibility of the data and 

the statistical significance can be found in Appendix A. The results shown after 50 

consecutive executions of the model shows that utilization of the assemblers will be 

report average 96% in an 8-hour shift. This leaves no time for maintenance of the 

facility and miscellaneous activities. Moreover, with the current layout, there exists 

an 84 item-long queue that will prevent deadlines being met. This is a huge 

disadvantage, as ESI’s small operation depends heavily on repeat customer inquiries 

and therefore must be able to provide the expected customer service.  

 

4.1.3 - Assessment of Manufacturing Capabilities 

As discussed previously, investigating to see the effects of an additional 

workstation to the overall utilization of workers and queue lines for assembly and 

testing could be pursued. Table 4 below represents various scenarios and 

alternatives of the production department at ESI; the effects of an additional 

workstation to the overall utilization of workers and queue lines for assembly and 

testing. These results are in anticipation of the OEM line producing 100 boards per 

quarter. Currently the company only manufactures about 10 boards per quarter in 

addition to 5 engineering contracts. This yields to a queue length of 10 with worker 

utilization of 49%.  
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Table 4 - ESI’s existing model compared with proposed alternatives for 
production procedure 

 Worker 
Utilization 

Queue Length for 
Assembly 

Difference with respect to Existing 
Layout 

Existing 96% 84 N/A 
1 Workstation Added  92% 75 4% Reduction in Utilization 

Queue length reduction of 9 

2 Workstations Added 89% 63 7% Reduction in Utilization  
Queue length reduction of 
21 

Outsource OEM 20% 0 76% Reduction in Utilization 
Queue length reduction of 
84 

 

As can be seen, by adding a third workstation and worker, both utilization 

and queue length decrease. While there is 4% change in utilization of the workers, it 

translates to 9 items reduced in the assembly queue. These results show that further 

expansion may be required in order to reduce the queue size further and meet the 

expected demand.  

The next alternative looks at adding two workstations in the manufacturing 

process. The results of this simulation show about 7% reduction in worker 

utilization and further reduction of the manufacturing queue lines by 21. It’s 

noteworthy to see the effects of adding more workstations yield to lesser amount of 

improvement in the overall process. While adding more workstations reduce the 

queue lines and increase the output of the system, it does not have enough of an 
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effect to be considered as a viable solution for manufacturing engineering solution 

and OEM products in-house for ESI.  

The next step in improving the in-house process would be an in-depth look 

into the details and flow of the manufacturing process, which are beyond the scope 

of this paper. 

A third alternative, to the production model at ESI is to outsource the OEM 

orders entirely to a third-party through partnership. While there risks exists with 

outsourcing, the entire production manufacturing, this maybe one of the only 

solutions, given the direction of the company and also available capital. Figure 8 

shows the simulation model for this alternative, which eliminates the added 

workstation(s) for OEM production.  While the early and latter stages of the 

manufacturing process is done at ESI, the assembly and testing stages of the OEM 

boards occur outside of ESI and therefore reduce the queue lines in-house. Table 5 

shows the queue lines in outsourcing scheme are reduced to no items on average, 

which is a significant improvement for adequate manufacturing at ESI. It is 

significant to note that the worker utilization in the outsourcing model is very low, 

which is adequate for a system because, the worker responsibilities at ESI are not 

limited to the manufacturing process. The workers are also responsible for
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Figure 8 – Embedded Sense Inc. outsourcing model for E81xx
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maintenance and upkeep of their stations, and also specialty tasks that occur 

during the course of the day. These tasks on average occupy a worker’s time 

and utilization to about 40-50% of his or her daily time. Therefore, when 

calculating the utilization in this case, an added 40-50% must be considered.  

To investigate the possibility of expansion of this production line, several 

meetings were held with the HR and production managers in order to financially 

quantify the true costs associated with hiring new staff and also acquiring the 

necessary equipment. 

Expansion from a Human Resources Standpoint 

From the human resources perspective, the true cost of hiring any employee 

is about 130-140% of the wage allotted in the first year. This together, with factors 

such as cost of posting a job, the time taken away from production manager during 

candidate selection and interviews, training and an employee’s learning curve, 

makes the hiring process very costly and inefficient. Figure 9 represents the true 

cost of hiring an employee from the perspective of an employer and so it is easy to 

see that adjustments with respect to various benefits and savings increase the cost 

for an employer by about 30%.  It was calculated that in order to hire a new 

employee, it would cost ESI nearly twice the amount, when all the aforementioned 

factors are taken into account. Moreover, as ESI will require more than 1-2 new 

employees in order to adequately expand the existing production department, it is 
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not feasible to consider expansion at this point. Outsourcing the assembly and 

testing labour is a better option. 

Figure 9 - True cost of hiring an employee (Kaiser, 2009) 

 

Expansion from a Production Standpoint 

From a production manager’s point of view, in order to expand the line, 

several new machines are required, specifically a surface-mount soldering machine. 

(See Figure 10)  

This machine will be able to solder small components on to the surface of a 

Printed Circuit Board (PCB). Currently, this task is done by hand and with several 

high level techniques from the assemblers but with a very slow pace.  Aside, from 

the cost of acquiring the machine, there are additional costs associated with it such 

Legally 
Required 
Benefits 

9% Retirement and 
Savings 

3% Insurance 
Benefits 

8% 

Supplemental Pay 
3% 

Paid Leave 
Benefits 

7% 
Wages and 

Salaries 
70% 

Employer Costs of an Employee 



63 

 

as training, maintenance/service and possible repairs.  Furthermore, there also 

exists the possibility of downtime on these machines and therefore, a certain cost 

that is associated with loss of production. 

 

Figure 10 - Surface mount machine (ManCorp, 2011). 

 

4.2 – Manet Company 

4.2.1 – Corporate Plan, Financial Outlook and Market Analysis 

Results for this section are a culmination of responses from the president of 

the company on a series of informal interviews and i) research done on potential 

competitors, ii) a detailed SWOT analysis and iii) analysis and selection of 

applications and market channels within the lines capabilities.  
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Competitors  

A thorough and careful assessment of the construction and housing market 

in the Greater Toronto Area (GTA) was done via statistics from the Canadian 

Mortgage and Housing Corporation (CMHC) and other sources on the World Wide 

Web.  According to the Housing Market Table released by CMHC in Sept. 2011, there 

are currently 6418 residential low-rise homes under construction in the GTA 

(Canadian Mortgage and Housing Corporation, 2011). This figure is down compared 

to 2010 by nearly 1000 homes. Building Industry and Land Development 

Association (BILD) also reports a decline of about 25% on a year-to-year 

comparison for finished low-rise homes (Building Industry and Land Development 

Association, 2011). 

Furthermore, according to the March 2011 report of RealNet Canada, that 

there is only a 5-month supply of new homes available in the GTA (Newhomes.org, 

2011). This decline in supply is a direct result of the recent economic downturn 

(Wolf, 2010) and recession. According to the CMHC’s outlook for the housing 

market, this trend will pick up in the upcoming years as depicted in Figure 11. 

Interviews were conducted with the president of Manet Company after the 

market outlook. He expressed his strong desire to contribute to the environment 

through use of eco-friendly material and certified products such as Energy Star and 

R2000 in his projects. Both R2000 and Energy Star are industry standards for high 

efficient materials in the construction and real estate industry. He feels that it is 
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critical to his business’s well-being to communicate the company’s “green” efforts to 

potential customers and clients.  

 

Figure 11  – Greater Toronto Area housing market total sales forecast 
(Canadian Mortgage and Housing Corporation, 2011) 

 

A market scan showed that there are only 18 other certified green builders in 

the Greater Toronto Area and joining this group has potential for a major boost for 

the company.   

SWOT Analysis  

Strengths: Manet would require low investments to sustain its business. By 

utilizing subcontractors, Manet’s overhead costs are kept very low.  Moreover, 
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designing custom homes, a green initiatives strategy and direct supervision over 

customers’ products are features that will make Manet unique amongst other 

construction companies.   

Weaknesses: As they are a small business, they are more susceptible to 

market fluctuations and are dependent on cash flow.   

Opportunities: As one of the few unique green builders in the GTA who also 

do custom work, they are unique.  The FIT projects they conduct can serve as a 

revenue stream.  Additionally, as a company who is concerned with green initiatives, 

the FIT projects can serve to lower their carbon footprint. 

Threats:  The current global recession and further economic downturns can 

largely affect a company like Manet.  Big construction companies may flood the 

market and a population, which is opting to purchase condos and not homes can all 

have negative impacts.  

Applications and Market Channels   

As a construction company, Manet Company has access to several sectors in 

which it can operate and provide it services, namely i) residential, ii) commercial, 

and industrial. By introducing itself as a “green” construction company, Manet 

Company would be able to tap into different market areas. According to a study 

done by Industry Canada, the number one driving factor for fortune 100 businesses 

adopting “green” is brand improvement (Sustainability Purchasing Network, 2008).  
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Residential 

As a residential construction company, Manet would be able to attract 

customers who are care about the environment. Data shows that 91% of Canadians 

are concerned about global warming and 89% are in favour of immediate action 

(Persram et al., 2007). Together with the existing expertise of Manet Company in the 

residential market, make this sector optimal to operate within.  

Commercial and industrial  

The commercial and industrial construction sector will have limited 

opportunities for Manet Company as they usually require larger capital allocation 

and contribution. However; “green” branding will expose the business to more high-

end clients and will assist with increasing market awareness. This will be beneficial 

to Manet Company in the future and can potentially create opportunities within 

these sectors.  

4.2.2 – Assessment of Current State of Production   

Manet Company, a small residential home developing company has been in 

business in the Greater Toronto Area (GTA) since 2005. During this time, the 

company has averaged about two self-funded projects per year. These projects are 

usually built on general specification and are sold after completion. Moreover, the 

company also, manages one project per year where it’s funded by an external source 

or customer.  These projects bring in revenue of roughly $350,000 annually.   
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The company’s overhead consists of several permanent employees that 

overlook and assist in daily operations, insurance, Tarion license (Tarion, 2011), 

and miscellaneous costs associated with running each project. According to the 

president of Manet Company, these figures bring in a total of $250,000 in overhead 

cost.  

The company’s profit margin at the end of each year is injected back into the 

company to allow for expansion.  The president of the company has indicated that 

he would be willing to invest half of the annual profit margin into the FIT/microFIT 

project, given the results of the study display obvious benefits to the company.  

To recap, the preliminary interviews with Manet Company’s president have 

shown that the company has about $50,000 of capital available for investing into the 

FIT/microFIT project. The option of $50,000 will be explored further in the 

following milestones and then compared with a fully financed project with no down 

payment.  

4.2.3 – Assessment of Feasibility  

In order to build these models, several factors must first be determined. 

These factors are the type and size of the project. In order to qualify for the 

FIT/microFIT program, one must install and operate a renewable energy facility 

through wind, waterpower, bioenergy or solar. In the case for Manet Company, 

Bioenergy and waterpower facilities are not viable options, as the office is located in 

the city of Toronto. In order to have bioenergy facility, which includes biogas, 
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biomass, and landfill projects, the participants must locate their facilities outside of 

city limits for obvious sanitary reasons and as per the Ontario Regulation 359/09, 

Renewable Energy Approvals (Government of Ontario, 2011). One of the goals for 

Manet Company’s interest in a FIT/microFIT facility is to gain public exposure, and 

therefore the idea of a remote facility does not fit within the company’s aim. The 

same arguments are also true in the case of waterpower facilities. 

Wind energy facilities are often quite large, 50kW+ systems, and produce a 

considerable amount of energy when wind is available; hence, in terms of producing 

revenue through the FIT program (facilities over 10kW) it would be a viable choice.  

However, in the recent update to Ontario Regulation 359/09, Renewable Energy 

Approvals in the Environmental Protection Act, clearance restrictions have 

increased. In this regulation the clearance distance for any wind turbines are set to 

minimum of 550 meters depending on sound power levels.  Table 5 shows the 

setbacks required for wind turbine installations. This restriction, among others, will 

pose major problems in installation of a wind energy facility for Manet Company. 

The only remaining renewable energy source option is solar. Solar energy 

facilities pose no sanitary issues and also do not have noise pollution.  

There are two types of solar energy facilities, fixed and tracker system. The 

fixed system facilities consist of rows of solar panels connected in series. They are 

often installed on rooftops or on racks in large flat areas at a 30-degree angle. Due to 
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the nature of a solar panel, larger systems will take an enormous surface area for 

installation. 

Table 5 - Wind turbine sound level restrictions, O. Reg. 521/10, s. 33 (7) 
(Government of Ontario, 2011) 

Item Wind turbine sound level restrictions 
  Number of wind turbines 

calculated in accordance 
with subsection (2) 

Sound power level of wind 
turbine (expressed in dBA) 

Total distance from the 
centre of the base of the 
wind turbine to a noise 
receptor described in 
subsection 55 (2.1) 
(expressed in metres) 

1. 1-5 102 550 
    103 – 104 600 
    105 850 
    106 – 107 950 
2. 6-10 102 650 
    103 – 104 700 
    105 1000 
    106 – 107 1200 
3. 11-25 102 750 
    103 – 104 850 
    105 1250 
    106 – 107 1500 
 

   
Figure 12 - Fixed panel solar farm (Tap-in Marketing, 2012) 
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The other type is a tracker system facility. Tracker systems are typically 

installed on ground and are designed to follow the sun with use of sun sensor 

throughout the day. This action creates maximum exposure of the panels to the 

sunlight. Typically, a tracker will harness and produce about 40% more energy than 

a fixed system (Cooke, 2011). This would pose as an advantage in a revenue model; 

however it is worth mentioning that OPA’s FIT/microFIT rates differ for ground-

mount and rooftop mount energy facilities. This section will include revenue and 

cost models for six different systems; 3kW, 6kW and 10 kW fixed system and also 

3kW, 6kW, and 10kW tracker systems. Due to restrictions in available space at 

Manet Companies facility, larger systems are not considered. The results of each will 

be compared to conclude an optimal suggestion to Manet Company.  

Revenue Model 

The revenue model consists of several key variables such as energy 

production capacity of each panel, the efficiency of the overall system, tracker or 

fixed system, rate set by the OPA based on ground or rooftop installation, and the 

average number of possible sunny days. The revenue model for all the solar systems 

is very similar and can be summarized using the following variable designations.  

p = panel production capacity (kW) 

n = number of panels in system 

f = efficiency of the overall system (%) 
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𝑡 = �1    if tracker system type
0   if fixed system type      

r = OPA rate (cents/kWh) 

N = hours of sunny days in Toronto monthly (hrs) 

Using these variables, one can model the revenue production of any size solar 

system using the following formulas: 

𝑀𝑜𝑛𝑡ℎ𝑙𝑦 𝑅𝑒𝑣𝑒𝑛𝑢𝑒 (𝑅𝑚) = 𝑝𝑛𝑓�1 + 𝑡(0.4)� 𝑟𝑁
100

  (1) 

𝑇𝑜𝑡𝑎𝑙 𝑅𝑒𝑣𝑒𝑛𝑢𝑒 𝑎𝑡 𝐹𝑢𝑡𝑢𝑟𝑒 𝑉𝑎𝑙𝑢𝑒 �𝑅𝑓𝑣� = 𝑅𝑚 �
(1+𝑖)𝑁−1

𝑖
� (2) 

The above formulas take into account the number of panels used and their 

efficiencies. It is worth noting that the efficiency of a solar panel will diminish 

throughout its lifetime, however for simplicity, the efficiency of the panel is set for 

90% for the duration of the FIT/microFIT contract. Also, further assumptions are 

made in terms of the type of solar panel used. For the purposes of this study, the 

panels used are SunPower Corporation 230W Monocrystalline module is used. An 

extensive list of all the solar panels with their relative efficiencies is included in 

Appendix B for further review.  

The term t in equation (1) defines the system type in terms of a fixed panel or 

tracker system. As mentioned above, a tracker system will produce 40% more 

energy than a fixed panel system. Therefore, to represent a tracker system t=1, 

otherwise t=0.  
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The term r represents OPA’s rate of purchase per kWh in cents.  This rate is 

set for 64.2 cents for ground-mount and 80.2 cents for rooftop facilities. 

The variable N is the average hours of sunlight in a given month. Figure 13 depicts 

the number of hours of sunshine in the GTA monthly.  

Figure 13 - Total hours of sunlight on a per month basis in the GTA (The 
Weather Network, 2012) 
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Revenue Model results 

Using equation (1) and the assumptions made above the following results for 

all the proposed systems are found below in Table 6. 

Table 6 - Annual revenue of various sized microFIT solar facilities 

 Tracker Fixed 
System Size 3kW 6kW 10kW 3kW 6kW 10kW 
Panel Production 
(kW) 

0.23 0.23 0.23 0.23 0.23 0.23 

Number of Panels 13 26 44 13 26 44 
Efficiency 0.90 0.90 0.90 0.90 0.90 0.90 
Tracker (t) 1 1 1 0 0 0 
r (¢/kWh) 64.2 64.2 64.2 80.2 80.2 80.2 
N (hrs/month)  163 163 163 163 163 163 
Monthly Revenue  $395  $791  $1,338  $353  $705  $1,194 
Total Revenue (FV)  $162,462  $324,923  $549,870  $144,965  $289,929   $490,649 

 

Table 6, above shows the annual revenue of the proposed systems based on 

the revenue equation, derived previously. These revenue figures will be reproduced 

annually for the duration of the OPA’s microFIT contract term of 20 years.  

Therefore, total revenue earned on 10kW tracker system is $286,487 in the present 

value (PV) of the FIT/microFIT program.  

Cost Model 

Similar to the revenue model, there are several factors that contribute to the 

cost model. These factors consist of the cost of the system and installation, interest 

rates, insurance, and system maintenance. These factors were designated with the 

following variables.  
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Figure 14 - 10kW tracker system revenue generation 

P = Purchase price and installation ($) 

i = Rate of interest for borrowing monthly (%) 

m = Maintenance costs ($/month) 

z = Insurance costs ($/month) 

𝑡 = �1    if tracker system type
0   if fixed system type      

N = Period of loan in months (month) 

The above variables can be used in the following equation for total cost of 

system at present value. 

𝑀𝑜𝑛𝑡ℎ𝑙𝑦 𝐶𝑜𝑠𝑡 (𝑚𝑐) = 𝑃 � 𝑖(1+𝑖)
𝑁

(1+𝑖)𝑁−1
� + 𝑚(1 + 𝑡) + 𝑧 (3) 

𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡 𝑎𝑡 𝐹𝑢𝑡𝑢𝑟𝑒 𝑉𝑎𝑙𝑢𝑒 �𝑇𝑓𝑣� = 𝑚𝑐 �(1+𝑖)𝑁−1
𝑖

� (4) 
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Equation (3) and (4) take into account the lending rate i that apply to the 

purchase price and installation P. The lending rate is calculated as 5% annually. It is 

worth noting that for simplicity, the rate will be assumed fixed at 5% over the 20-

year period. Additionally, the repayment period is also set to 20 years; however it is 

possible to repay the entire loan amount in about 10 years. There are also 

organizations that would provide zero-interest loans (Rumble Energy, 2011) 

however, the approval process for these institutions are unique and the subsequent 

calculations are beyond the scope of this project. The cost of the system varies with 

company. Table 7 shows the cost of 3kW, 6kW and 10kW system acquired from 

several solar companies.  

Table 7 - Survey of solar system costs in Ontario (Prices in Canadian dollars.) 

Company Tracker/Fixed 3kW 6kW 10kW 
Solar Direct Canada Fixed $20,500 $38,000 $58,000 
Solar Direct Canada Tracker $35,000 $50,000 $80,000 

SolarTraxx Inc. Tracker $30,000 $45,000 $75,000 
eSolar® Tracker   $80,000 
eSolar® Fixed   $58,000 
Sky Solar Fixed  $35,000 $50,000 

SolarSelect Fixed $23,000 $36,000  
 

The variables m and z is the monthly cost for maintenance and insurance for 

solar facilities. A typical solar system requires maintenance twice a year. This 

maintenance schedule will include cleaning panels and checking all components of 

the system. Also, these maintenance checks will often include minor system 

adjustments as well. Maintenance costs are assumed to be $1000 annually on the 

basis of $100/hour labour costs including an industry ‘norm’ of 4-hour incidental 
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and travel time charge in addition to one of hour of minor adjustment and system 

repairs. This figure is almost doubled in the case of tracker systems due to the 

increase in number of components and also lubrication required for moving parts.  

Therefore, in equation (3), the variable t = 1 for a tracker systems and t = 0 

otherwise.  

The cost of insurance is dependent on insurance company, the type coverage 

and deductible. For the purposes of these calculations, an average of several 

insurance company quotations were taken as $497, $523 and $558 for full coverage 

of 3kW, 6kW and 10kW systems respectively. 

Cost Model Results 

Using equations (3, 4) and taking all assumptions into account, the calculated 

total cost of all abovementioned solar systems is shown in Table 8 below. 

Table 8  - Total 20-year cost of various size microFIT solar facilities 

 Tracker Fixed 
System Size 3kW 6kW 10kW 3kW 6kW 10kW 
C ($) $33,000 $48,000 $78,000 $22,000 $36,000 $56,000 
Annual 
Interest (%) 

5% 5% 5% 5% 5% 5% 

Duration 
(months) 

240 240 240 240 240 240 

Tracker (t) 1 1 1 0 0 0 
Maintenance 
(Monthly) 

$167 $167 $167 $83 $83 $83 

Insurance  
(Monthly) 

$41 $44 $47 $41 $44 $47 

Monthly Cost $426 $527 $728 $270 $365 $499 
Total Cost (FV) $175,046 $216,627 $299,205 $110,956 $149,821 $205,274 
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Here, the total cost of the system with a payoff period of 20 years. This cost 

can be reduced with shorter payoff periods. Table below shows about a 20% 

difference in the overall price of the system on a 10-year payoff period. This result is 

not part of the feasibility study, as it will not have a significant weight on the 

outcome of the decision. However it will be shared with the president of Manet 

Company as supplementary data. (See Table 9) 

Table 9 - Payoff period comparison on total price of system 

10 
Yrs 

Total Cost (FV) $86,663 $111,705 $161,568 $55,606 $79000 $112,393 

20 
Yrs 

Total Cost (FV) $175,046 $216,627 $299,205 $110,956 $149,821 $205,274 
       

Revenue-Cost Comparison 

To determine the feasibility of participation for Manet, a revenue-cost 

comparison was done. In this comparison, two aspects will be examined. 1) Is the 

long-term revenue greater than costs? 2) How much is the difference? 

Table 10 - Comparison results from revenue model and cost model 

 Tracker Fixed 
Size of System 3kW 6kW 10kW 3kW 6kW 10kW 
Revenue - Cost 
(Monthly) 

$(30) $263 $610 $83 $341 $694 

Revenue - Cost 
(FV) 

$(12,584) $108,296 $250,665 $34,009 $140,108 $285,376 

 

From the above table10 and figures14 and 15, it is evident that all systems 

will produce long-term profit with the exception of the 3kW tracker, which will 

result in a loss of approximately $7,500 in present value and about $12,000 in future 
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value. Therefore, it is financially feasible for Manet Company to partake in the 

FIT/microFIT initiative by choosing a system with capacity of greater than 3kW. 

Moreover, the comparison analysis shows that over the 20-year period, a 10kW 

fixed system will yield more profit than other systems. This is contrary to popular 

belief that a tracker system will yield the largest profit margin. It shows that the 

additional cost of purchase and maintenance will result in more costs and therefore 

less profit in all-size systems. However, it is worth noting that, a fixed system will 

require a larger operation area, which may not be available to all potential 

participants. It is recommended for all potential participants as well as Manet 

Company to further investigate the available facility area versus size of system when 

making a decision. 

Figure 15 - Revenue-cost comparison for tracker systems 

 

3kW 6kW 10kW
Revenue $95,178.00 $190,355.00 $317,258.00
Cost $102,630.80 $126,915.00 $175,149.00
Difference $(7,452.80) $63,440.00 $142,109.00
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Figure 16 - Revenue-cost comparison for fixed systems 

  

3 kW 6 kW 10 kW
Revenue $84,927.00 $169,854.00 $283,090.00
Cost $65,042.00 $87,742.00 $120,131.00
Difference $19,885.00 $82,112.00 $162,959.00
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Chapter 5:  Discussion 

5.1 – Embedded Sense Incorporated  

Utilizing the proposed framework in the case of ESI revealed several points.  

The business plan and SWOT analysis in step 1 revealed key points about the 

market that ESI is about to enter. It was useful in showing the major competitors 

that currently exist. It further revealed the strengths and weaknesses of ESI detailed 

in chapter 3. This will assist the owner in identifying what he needs to focus on, in 

terms of advertising and marketing. Also, this shows what improvements he can 

make in the future to better position his company in the market.  

While this step proved to be beneficial to the company in realizing its 

position with respect to the market, it proved to be a very time consuming and 

rigorous process.  One can argue that a small business owner may not have the time 

to do analysis of this detail for its business for every decision. This is one of the 

shortcomings of the framework. The time required for the analysis of the market is 

something that may not be available.  

Step two of the framework involved an assessment of ESI’s current 

manufacturing facility. The simulation model accurately modeled the production 

capabilities of ESI and allowed the owner to see the existing production limits. From 

this step, the overall utilization of the workers within the production process 
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became evident.  The framework step assisted the owner in realizing the 

deficiencies in the current state of the company.  

In order to complete this step, simulation software, Arena, was used. Use of 

the software simplifies the complexities of doing analysis of the current state of a 

facility such as ESI. Unfortunately, this software requires an operator who has the 

necessary knowledge to use it and cannot be easily understood and utilized by any 

business owner. Furthermore, the cost of such software is fairly significant and may 

not be seen as a justifiable cost for all small businesses.  

The third and final step in the decision-making framework is designed to 

quantify a given decision by mathematically modeling the possible solutions and 

comparing them. The results after 50 consecutive executions of the existing model 

show that utilization of the assemblers will be roughly around 96% in an 8 hour 

shift, which leaves no time for maintenance of the facility and miscellaneous 

activities. Moreover, with the current layout, there exists an 84 item-long queue that 

will prevent deadlines from being met. This is a huge disadvantage, as ESI’s small 

operation depends heavily on repeat customer inquiries and therefore must be able 

to provide the expected customer service. Alternatively, the addition of one or two 

lines of assembly will only yield a small improvement of the overall production. 

Table 5, above, shows a reduction of 25% in the 84–item queue due to the addition 

of two workstations Though this is a very pleasing outcome, it is not a feasible 

solution for ESI as the cost of this addition will take away from allocated marketing 



83 

 

budget. Moreover, the 25% reduction still leaves a queue of about 63 items, which 

will still affect the reputation of the company and customer satisfaction.   

This leaves the option of outsourcing as the only viable solution. Table 5 

showed that with the option of outsourcing, the queue length is reduced to zero 

items, which will allow for more in-house work of the assembler on the engineering 

division of ESI and will ensure better customer service and satisfaction. 

Furthermore, outsourcing will allow ESI to allocate more capital to marketing and 

allow the company to compete with the well-established companies that exist in the 

market already. 

Outsourcing will bring about risks for the company that may affect its 

survival. Outsourcing one of the core capabilities of the company lowers the level of 

security at ESI and introduces the risk of having their unique design stolen and 

copied by larger organization. This would surely be detrimental to ESI’s survival as 

larger organizations have lower overhead per item produced and have the ability to 

under sell their products to capture the market.  

To minimize this risk, a few alternatives may be beneficial to ESI. First option 

is to utilize a hybrid-outsourcing model. The hybrid model would allow ESI to 

perform most of the manufacturing of their boards via an outsourcing partner and 

leaving critical components to be assembled and tested in-house.  This would add 

some protection on ESI’s board design. This model is beyond the scope of this study 

and was not done due to lack of time and resources. It is foreseen that this model 
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will more likely not require the addition of one or two workstations and will most 

likely work with the existing production layout and resources. The model that 

requires additional workstations would require ESI to make a significant investment 

of adding workstations, which is not feasible at this time due to lack of capital 

availability.  

The second alternative model involving more risk may be mitigated and 

restricted by time. In this model, ESI will adopt a short and long-term business plan. 

The short business plan will include outsourcing products via a partner and will 

focus ESI’s capital on marketing and market establishment. The long-term plan will 

include either a full in-house production or the hybrid model mentioned above. This 

would allow ESI to focus its available cash and capital on market capture. Placing a 

time restriction on outsourcing the company’s core capability may also reduce the 

risk. Furthermore, this would give ESI more time to establish itself in the market 

and expand its production at a later date. 

In the case of ESI’s outsourcing decision, the proposed framework helped the 

owner to realize key points about the existing market, limitations of current facility 

and possible shortcomings that would be associated with in-house manufacturing. 

Simulation analysis revealed that in order to ensure the long-term survival and 

success of the company, it is advisable for ESI to pursue outsourcing for its OEM 

manufacturing.   
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The proposed framework tested in this case study revealed some 

shortcomings of its own. Step 1 of the framework is very time consuming for a small 

business owner. In order to produce an accurate representation of the company 

within the market, one must consider either spending a fair amount of time 

researching the market or hire external help to perform this analysis. For many 

small businesses, either solution may not be a feasible one.  Moreover, in step 2, the 

utilization of simulation software requires expertise of that software. While the 

results are fairly valuable, the expertise of using such software may not be available 

in every small business setting. The alternative option is to attempt to model the 

facility mathematically, without using simulation software, which would be very 

difficult because of the complexity of the model.  

5.2 – Manet Company 

Based on the decision-making framework proposed in this paper, it is 

feasible for Manet Company to participate in the FIT/microFIT program. This 

program will produce a revenue stream for the company, as well assist in gaining a 

marketing edge in a highly competitive housing market. Furthermore, it will support 

the company’s “green” initiative and reduce the company’s carbon footprint.  

Step 1 of the framework for Manet Company was very similar to step 1 of 

ESI’s case study.  This step helped reveal the current position of Manet Company 

with respect to its competitors. It also helped Manet Company in realizing the 

company strengths and weaknesses, as outlined in chapter 3. As was the case with 
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ESI, this realization will help the owner recognize areas of improvement as well as 

areas in which the company can prosper.  

Another similarity between step 1 of both case studies was the time required 

to complete a thorough analysis. This amount of time is not readily available for 

Manet’s owner as his business is dynamic and day-to-day activities require his full 

attention.   

In step 2, Manet Company assessed its financial capability. The process 

involved in this step was much more simple than what was required in case of ESI 

and therefore did not require a specialist. Moreover, the company finances are 

something that almost all business owners pay close attention to and therefore the 

data and analysis required is mostly available.   

After completing step 2 and upon further analysis it was determined that 

although the company is able to allocate some capital to partake in the 

FIT/microFIT program, due to the economic outlook of the housing market, it is 

probably advisable to venture alternative options such as financing.  Moreover, the 

available financing options with low interest rates will give Manet Company the 

option to invest the available capital in a more liquid venture. 

Moreover, the economic downturn has had a major impact on Manet 

Company. The company is currently experiencing one of the longest sales cycles in 

its five years of operation. According to its president “The homes that we used to sell 

within three months of completion, now take close to a year.” This difference of nine 
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months has a tremendous effect on each project’s bottom line and has drastically cut 

into Manet’s profit margins. “Sometimes we have even sold projects at a loss.” says 

the president of Manet. This statement was true for several other construction 

companies in the GTA. This along with the aforementioned, are reasons why Manet 

should not invest its current available capital. However, with the available financing 

options, it was determined that the feasibility of the decision to participate in the 

microFIT/Fit program should be investigated.  

The third step of the framework involved a mathematical analysis of cost vs. 

revenue. The calculations showed that it was advisable and to Manet Company’s 

benefit to participate in the program by signing up for a 10kW fixed solar system.  

The proposed framework in the Manet Company case study proved to be a 

useful tool. It provided the owner with valuable information about the GTA housing 

market and also made him aware of existing financing options available. The final 

step revealed a substantial revenue stream for Manet Company while creating the 

marketing image that the owner was looking for. A very important advantage of 

using the framework was that it showed Manet’s owner that investment in the 

current housing market is not advisable. 

Unlike ESI’s case study, the framework proved to have fewer disadvantages. 

This was perhaps due to the simplicity of the decision model.  The model and 

decision in the case of ESI was a very complex model, which involved many more 

components such as utilization functions for engineers and worker, turnaround 
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time of a project, procurement process, delivery, and quality of work. However, in 

the case of Manet Company this model and decision was limited to simpler cost and 

revenue functions. 

The application of the proposed framework on the two case studies revealed 

several key points about the framework. The initial two steps of the framework 

helps the business owners approach a problem in a holistic and structured manner. 

This process will help them in identifying or verifying the company characteristics, 

strengths, and weaknesses. A potential argument against this framework can be 

made in performing the market study. This steps requires time and due diligence. As 

a small business owner, one can argue that there is not enough time in the day to 

operate the business and therefore performing an extensive market research is not 

feasible. However, one must recognize that the survival of any business is highly 

dependent on the knowledge of the competitors and market in which the business 

operates. Therefore, an extensive and complete market research is very important 

and should be done. In that regards, utilizing this framework is beneficial to a small 

business owner. 

Another challenge of implementing the proposed framework is related to the 

third step of the framework that is more specialized and requires more expertise. 

Moreover, the framework is much better suited for cases with relatively less 

complex decisions. Complexity in this case, refers to number of criteria that must be 

taken into account. In case of ESI, the complexity of the decision being made 
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required use of simulation software, since it would have been very difficult to model 

it mathematically. The correct use of this software requires expertise and know-how 

that is most likely not available to a small business owner. Therefore, in order for a 

small business owner to use this framework, he or she must either spend the time to 

learn the simulation software or hire a third party consultant that has familiarity 

with the software package. These solutions may not be feasible for a small business 

with limited capital.  
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Chapter 6: Conclusion, Contributions and Future Work 

6.1 - Conclusion 

In the case studies above, the proposed decision-making framework was 

examined in real life situations with two small businesses. By progressing through 

the proposed steps, a financial picture of each company and their relative position 

within the market was produced. Through implementing a mathematical or 

simulation model of the proposed question, an analysis and assessment of potential 

solutions were recommended.  

The ESI and Manet case studies show that small businesses are unique in the 

way they operate and set goals. Similarly, while most companies’ goal is to grow and 

be prosperous, the way in which they attempt to reach that goal differs from one 

company to the next. Just as any two people are different from one another, so are 

any two small businesses. To create an absolute framework applicable to any small 

business is difficult as each is unique. One can generalize the steps in the 

framework, but it is necessary to tailor each step to the individual needs and 

situation of the organization.  

The framework proved to identify important points to the owners of each 

company, however the process revealed some difficulties in its implementations 

with small business owners. The framework proved very useful where the decision 

involved simpler variables and models as the case with Manet Company. In a 
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decision model where complex variables were required, the framework could not be 

completed without utilization of expertise with adequate tools such as simulation 

software. Furthermore, the time required for a business owner to perform step one 

adequately is a concern for the business owners. However, it can be argued that a 

business owner must spend the time to familiarize him or herself with the market 

and therefore should have a very good understanding of what is involved in step 

one. In order to ensure that business owners are observing the market objectively 

and are not only monitoring a select few aspects, it would be advisable that this step 

would be done by a third party. This can be done with a range of costs based on 

variety of factors such as detail level.  

Furthermore, the above case studies show that while the framework is a 

good general tool and guideline for a small business to follow, it cannot be applied to 

all business models without making variations to fit with the businesses’ unique 

issue and state. This was encountered several times during the course of this paper, 

in areas such as financial modeling, market research, SWOT analysis and even the 

feasibility assessment. This framework should be developed further in future work 

to find a balance between generality and specificity of each case.  

6.2 – Contributions 

The existing literature approaches the subject of decision making from two 

distinct aspects – quantitative and qualitative. The quantitative approach focuses on 

mathematical formulas and matrices to create a logical and best-suited solution.  
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This approach has continuously grown to be more complicated as more 

aspects and variables are added. On the other hand, the qualitative approach focuses 

on the emotional aspect of the decision-maker. It considers variables such as the 

character, behaviour and environment that could affect the decision maker. Clearly, 

there exists a gap between these two approaches that has been addressed in this 

paper. Moreover, much like decision-making, business literature has little focus on 

the small business in its true sense. The literature either covers aspects pertaining 

to large corporations or entrepreneurial entities – labeled as ‘small firms’.  This 

paper makes a distinction between these entrepreneurial firms and their large 

counter parts by focusing on the business size the bridges these two extremes.  

The framework proposed in this paper is a tool for a small business owner to 

utilize in making decisions. It takes into account the steps required for a structured 

decision used in large organizations and further simplifies the process to suit a small 

business environment. This is a bridging approach of the current literature which 

either focus on the qualitative aspect of small business decision-making or a highly 

complex mathematical and quantitative facet. This framework combines these two 

approaches to propose a real-world tool that can be used in day-to-day operations 

of a small business. The tool provided in this paper, can be utilized to provide more 

structure in a small business setting and assist in survival and prosperity of the 

business.  
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6.3 – Future Work 

The focus of this research was to develop a general decision-making 

framework within which to assist small businesses. As the structure and model of 

each business differs from one another, so does their decision-making processes’ 

taking into account the variables to each problem.  

While not applicable to every business model, it would be in the future scope 

of work to develop the structure of this tool into one that would apply to different 

decision types within an organization. The new collection of frameworks would give 

a structured approach and process to specific types of decisions that a decision-

maker is faced, to aid in the long-term success and survival of their organization. 

Ultimately a business’s success is dependent on its leadership. Decisions 

made at the senior level make or break any company. In today’s economy, 

company’s decisions, regardless of their size, can affect that company’s livelihood 

and continued existence.  
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Appendices  

Appendix A: Supplemental Material for Embedded Sense Inc. Case Study  
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Chi-Squared Table (University of Miami, 2012) 
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ESI Current Model with Low Demand Simulation Report
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ESI Current Model with High Demand Simulation Report
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ESI One Additional Station Model with High Demand Simulation Report 
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ESI Two Additional Station Model with High Demand Simulation Report  
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ESI Proposed Outsourcing Model Simulation Report
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Appendix B: Supplemental Material for Manet Company Ltd. Case Study 

List of Solar Modules and their relative efficiencies (Sroeco Solar, 2009)
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