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Abstract

Information is power in supply chain operations, negotiations, continu-
ous improvement programs, process improvement, and indeed in all as-
pects of managing an operation. Accurate and timely information can 
result in better decisions that translate into the improvement of bottom-
line results. The development and effective use of cost modeling as a 
method to understand the cost of products, services, and processes can 
help drive improvements in the quality and timeliness of decision mak-
ing. In the supply chain community, an understanding of the actual cost 
structures of processes, products and services, whether with new or non-
partner suppliers, can facilitate fact-based discussions that are more likely 
to result in agreements that are competitively priced and with fair mar-
gins. Further, accurate cost models that are cooperatively developed be-
tween supply chain partners can form the basis for joint efforts to reduce 
non-value-added costs and provide additional focus toward operational 
improvement.

While many organizations feel confident that they have an un-
derstanding of the cost structure for products and services produced 
internally, cost modeling often uncovers areas where significant cost im-
provement can be obtained. Cost-of-quality is a particular type of internal 
cost model that analyzes the true costs associated with the production of 
less than perfect products and services. The development of a cost-of-
quality model can provide insight into how products or services of higher 
quality can be produced at lower cost.

This book provides the business professional a concise guide to the cre-
ation and effective use of both internal and external cost models. Devel-
opment of internal cost models is discussed with illustrations showing 
how they can be deployed to assist in new product development, pricing 
decisions, make-or-buy decisions, and the identification of opportunities 
for internal process improvement projects. The creation and use of exter-
nal cost models are discussed, providing insight into how their use can 
drive collaborative improvement efforts among supply chain partners, 
better prepare for price negotiations, and keep negotiations focused on 
facts rather than emotions—all while allowing for future discussions with 



preferred suppliers to focus on more strategic and operational improve-
ment initiatives, and less on pricing. A number of detailed examples are 
provided to illustrate how cost models are constructed and to demon-
strate how they have been effectively deployed.

Keywords

Cost model, Should-cost model, projected cost model, crossover model, 
cost of quality, purchasing, negotiation, cost management, strategic 
sourcing, procurement, Excel applications, supply chain management, 
make or buy, non-value-added cost reduction, breakeven, learning curve, 
total cost of ownership, net present value, decision tree, simulation, 
expected value
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CHAPTER 1

Introduction
In God we trust; all others must bring data.

—W. Edwards Deming

Efficiency and effectiveness in procurement, supply chain operations, 
and internal operations are important to the success of all organizations. 
This book discusses a variety of external and internal cost models that, 
when used properly, can help an organization dramatically reduce costs 
of both purchased and internally produced goods and services. There are 
numerous examples in the chapters that follow—most from the authors’ 
experience—of how organizations saved substantial amounts through 
the use of cost modeling. One organization saved several millions of dol-
lars annually on a single contract negotiation through the use of external 
cost modeling. Another reduced its cost of production by more than 6% 
in less than 6 months through the use of internal cost modeling. What 
might your organization save by using cost modeling?

The benefits of cost modeling extend beyond the purchase price to 
long-term costs of ownership, safety, risk management, and to overall 
 viability of product lines and businesses. But use of the models alone 
has no effect on costs. It is the improved management decisions that are 
based on the information provided by cost models that reduce costs. So 
in  addition to discussing how to create cost models, this book illustrates 
ways the results of the fact-based information output of the cost models 
can be presented and used to enhance decision quality.

We have all heard the expression “Information is power.” Power, as 
used here, does not refer to coercive power, although the results of cost 
modeling can be used in a coercive way. But coercion is not the only form 
of power, nor is it the best. The use of coercive power might result in a 
one-time “win,” but it will not result in a long-term change in behavior. 
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Power based on factual information is more likely to result in short- and 
long-term benefits to all parties. Power in the form of actionable infor-
mation is necessary in order to get things done and thus has a place in 
collaborative supply chain relationships as well as in operations internal 
to the organization. Indeed, a number of studies

1 have shown the positive 
influences of power on procurement and supply chain performance.

Cost issues can be better addressed with external parties using informa-
tion rather than coercion. In procurement, the knowledge provided by an 
external cost model increases the purchaser’s relative power in price nego-
tiations and can help assure that the final price paid is fair to both supplier 
and purchaser. Additionally, the information provided by an external cost 
model can be shared with supply chain partners to serve as the basis for 
discussions directed toward collaborative efforts to reduce costs throughout 
the supply chain. This transparency can benefit all supply chain members.

Example 1.1. External Projected Cost Models in 
Price Negotiations

Supplier A’s representative is meeting with her client’s purchasing man-
ager about the renewal of the contract for purchase of materials from 
Supplier A. “As you know, transportation and energy costs have risen 
dramatically since our last negotiation. In addition, we have seen in-
creases in many other cost categories as well. As a result we must ask 
for a price increase of 15% for the new contract period.” We have all 
been there. The question is, will the price negotiations progress much 
like those with a vendor in a flea market, or will they be fact based and 
focused on achieving a deal that is fair to both parties?

In a flea market, the vendors have all the information. They know 
their costs and they know what prices shoppers at last Saturday’s mar-
ket were willing to pay. The vendor starts with a price he believes is 
higher than you are willing to pay, and you counter with a price lower 
than you believe the vendor will accept. After several rounds of discus-
sion, if you have not agreed on a price somewhere in the middle, you 
begin to walk away. Now the real negotiations begin. No matter what 
price you pay, you feel as if you have been taken advantage of. This is 
no way to negotiate prices in the current business environment.
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How would the negotiations with Supplier A’s representative differ 
if you had an accurate estimate of the supplier’s product cost and a feel-
ing for what a fair profit should be? Instead of countering the supplier’s 
offer with a lowball offer of your own, hoping to meet in the middle, 
you might counter by saying, “This is what we believe your cost for this 
product to be. Adding a profit margin based on the industry average, 
we believe the increase in price should be just 8% instead of 15%.” 
The supplier may well respond that your cost estimates are incorrect. 
Your response is, “Show me where I am wrong.” We are now engaged 
in fact-based negotiations and are much more likely to arrive at a price 
that is fair to both parties.

Where do we obtain the information about supplier cost? We con-
struct an external cost model. Information is power, and cost modeling 
can empower you.

Similarly, discussions about ways to improve internal operations 
always proceed more smoothly and with a greater probability of suc-
cess when based on objective information rather than on opinion and 
speculation. The knowledge provided by an internal cost model in-
creases the ability of an organization to identify areas where improve-
ment efforts can be best focused to increase the price competitiveness 
of products and services produced by the organization. Internal cost 
models are also of value in new product and process development to 
evaluate feasibility and aid in pricing decisions.

Human/Political Issues

Human issues can be especially important, particularly when using in-
ternal cost models with internal customers (the people within our or-
ganization who receive our work or services) and external cost models 
with supply chain partners. Simply presenting the results of a model in 
a meeting and expecting everyone to see the logic of your recommenda-
tion rarely works. More frequently this out-of-the-blue style of presen-
tation will result in some sort of push back or defensive reaction. When 
 the buy-in of external constituents or internal customers is required to 
build on the results of a cost model, it is important to involve those 
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constituents from the beginning of the modeling project. When those 
involved feel that they are part of a cooperative effort that involves cost 
modeling, the probability of buy-in is greatly increased. On the other 
hand, when people feel that others are encroaching on their turf, they 
often will resist acting on the most objective evidence supporting that 
action.

Working with an internal customer to fully understand both the 
quantitative and nonquantitative aspects of a cost-saving opportunity will 
help assure the quality of the model and the acceptance of the results. For 
example, working with store management to understand the aesthetics of 
lighting as well as the costs associated with that lighting will help assure 
that the lower-cost lighting alternatives being modeled will satisfy the 
aesthetic requirements. Involving store management from the beginning 
makes it “our” cost modeling project and enhances the probability that 
everyone will accept the recommendations resulting from the model.

The General Cost Model: What Should the  
Cost of a Specific Product or Service Be?

In this book we discuss two general categories of cost model: external cost 
models and internal cost models. Cost modeling may generally be defined 
as the analysis of resource data including direct labor, direct material, 
indirect cost, sales, general and administrative (SG&A) costs, research and 
development (R&D) cost, and profit to understand the projected or true 
cost of products and services produced or purchased by the organization. 
It is a critical procurement tool that can provide “the foundation for virtu-
ally everything that a purchasing organization does, from setting strategy, to 
simplifying designs, to improving supplier operations and negotiating piece 
prices.”2 The general cost model is depicted in Figure 1.1.

External cost modeling’s main purpose is the evaluation of the reason-
ableness of a price or quotation for a product or service; however, often 
other cost drivers relating to how the company’s operations inadvertently 
add to supplier costs and thus the end price may be identified from the 
modeling process. Identification of these customer-based cost drivers can 
facilitate a joint supplier-customer project to address these cost drivers 
and share the cost reduction that derives from these efforts.
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Internal cost modeling’s purpose is price feasibility analysis for new 
products and services, and it provides input to operations decisions such 
as process improvement, cost reduction, process selection, capacity plan-
ning, make-or-buy, quality management, process optimization, risk man-
agement, and inventory management. The same type of model used for 
basic external cost modeling is often employed for the analysis of costs of 
products and services produced within an organization. However when 
doing this kind of internal cost modeling, the analysis is usually done 
at the gross profit level rather than the net profit level, as is done with 
the external cost model (Figure 1.1). The general internal cost model is 
useful in projecting costs for products and services under development 
and for analyzing the cost structure for existing products and services to 

Figure 1.1 General cost model

More detailed external company-specific and internal models may explicitly include other costs 
such as material scrap, labor efficiency, and rework that may otherwise be buried in the indirect 
cost category as well as transportation costs and income tax. Often internal cost models will 
focus on cost of goods sold (COGS) and not include SG&A, R&D, or profit.

Price:

Direct material

COGS Direct labor

Indirect cost

SG&A

R&D

Pretax profit

Type of material
Amount of material
Delivered cost of material
Normal conversion loss

Amount of labor
Wage rate

Direct labor benefits
General overhead
Material usage variance
Labor efficiency variance

Usually Applied as % of Sales
Returns
Allowances
Advertising
Headquarters expense

Usually Applied as % of Sales

Usually Calculated as % of Sales
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determine fruitful areas for cost improvement activities. It is generally 
true that improvement activities are more likely to be successful when the 
parameters of interest (in this case cost parameters) are well defined and 
measureable.

The development of cost models alone will not produce a more effec-
tive and efficient organization. The results obtained are dependent on 
an organization and its management adopting a culture that integrates 
them into the decision making process. That culture shift combined with 
appropriate development and use of cost models will result in better man-
agement decisions that will positively affect effectiveness and efficiency.

Interestingly, it is neither as difficult to construct an external cost 
model nor as easy to construct an internal cost model as one might expect. 
There are many sources of information available to support external cost 
modeling (See Appendix A). Many of these sources are readily searchable 
online. Examples include government census data and information avail-
able through industry associations. While most if not all the informa-
tion required to construct an internal cost model already exists within 
the organization, rarely is it sufficiently accurate, at the necessary level 
of detail, or in the appropriate form to be used directly. Frequently the 
model builder must drill down through several layers to find the infor-
mation required and then must validate that information to assure its 
accuracy before using it to construct the model. We discuss the process 
of creating cost models and data sources for those models in chapter 2.

Categories and Uses of Cost Models

In this book we discuss two general categories of cost models: external 
and internal. Within each general category, there are multiple specific 
types of cost models as will be shown in the following list. In chapter 3 we 
discuss internal-projected cost models. An internal-projected cost model 
is used to understand the cost structure of products and services produced 
within your organization to aid in decision making. Among the uses for 
internal-projected cost models is cost feasibility analysis for new product/
service development by providing a snapshot of the projected costs to 
produce a specific product or service. The learning curve cost model is 
discussed as a way to adjust the basic model for increased labor efficiency 
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expected to be derived over time. These models are useful as inputs to 
pricing decisions for new products and services. Another use of internal 
cost models is to identify opportunities for reducing costs and increasing 
efficiency. One example in chapter 3 works through the cost model a 
manufacturing company used to help reduce the factory direct cost of one 
class of products by more than 6% over a 6-month period.

Internal and External Cost Models

•	 Internal	cost	models
•	 Internal-projected	cost	model	
•	 Basic	breakeven	cost	model
•	 Stepped	breakeven	cost	model
•	 Make-or-buy	cost	models
•	 Crossover	chart	model
•	 Cost-of-quality	model

•	 External	cost	models
•	 Industry-specific	projected	cost	models

•	 Product
•	 Service

•	 Total	cost	of	ownership	model
•	 Decision	table	model
•	 Decision	tree	decision	model
•	 Computer	simulation	model

Other types of internal cost models are discussed in chapter 4. Each 
type is designed for a particular purpose. Often several types of internal 
cost models are used during the life of a project to guide different types 
of decisions. Breakeven cost models can be used to determine the rela-
tionship between sales volume, expressed as total revenue; fixed costs of 
production; and variable costs of production. Breakeven models are use-
ful in new product/service development for determining the sales volume 
necessary to reach breakeven and thus provide a lower bound on proj-
ect feasibility. The basic breakeven model is suitable for a limited range 
of production. The stepped breakeven model allows for analysis over an 
unlimited range of production. Next we discuss an internal cost model 
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that compares the variable cost of internal production to quotations for 
outside production by a supplier that is useful to support make-or-buy 
decision making. The crossover chart is a type of internal cost model that 
is related to the breakeven model. It is useful in process selection and 
make-or-buy decisions by identifying the range of total cost over which 
specific options are preferred.

The cost-of-quality model is an internal cost model that is very useful in 
quality management. This model achieves a level of granularity not found 
in most standard cost systems. The increased granularity facilitates the iden-
tification of specific areas where costs are incurred due to poor quality. In 
most standard cost systems, much of this information is buried within vari-
ance and overhead accounts. The typical reaction for an organization using 
cost-of-quality modeling is incredulity, because without the model they had 
significantly underestimated their costs due to poor quality.

Certain internal cost models are most useful in the early stages of the 
product or service life cycle where the focus is on feasibility and pricing. 
Other models are most useful during the middle stages of the product or 
service life cycle where the emphasis is on increasing output and efficiency 
and lowering cost. However, all types of internal cost models can be used 
effectively to support decision making in all phases of the product or 
service life cycle.

In chapters 5 and 6, we discuss external cost models. Specifically, we 
discuss industry-specific cost models for both products (chapter 5) and 
services (chapter 6). The primary example used in chapter 5 demonstrates 
how a retailer saved more than $1 million per year on corrugated boxes 
using cost modeling. The primary example used in chapter 6 shows how 
another firm used cost modeling to save more than $12 million over the 
3-year life of a transportation services contract.

In chapter 7 we discuss a particular type of cost model referred to as 
the total cost of ownership (TCO) model. TCO models are critical com-
ponents of strategic sourcing activities because they help the purchaser 
look beyond the initial price when making the purchase decision. When 
the total costs associated with a purchasing decision over the life of the 
product or service purchased are explicitly examined using TCO model-
ing, the purchasing decision often will be different than the decision that 
results from an analysis that focuses exclusively on the initial price.
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Chapter 8 covers models that explicitly include probabilities about 
future states of nature that affect business decisions. We also discuss the 
use of simulation to analyze processes and conduct experiments that can 
provide information to assist decision makers in determining the feasibil-
ity of improvement options under consideration.

Cost models provide a snapshot of a particular cost component for a 
particular point in time usually to support a specific decision. However, 
if it is desirable to track that cost component over time, this may be done 
simply by updating the model. While specialized cost modeling software 
is available, a properly constructed cost model using a spreadsheet can 
facilitate the updating of the model. Periodically updating the model is 
particularly useful when the original use of the model involves setting 
cost improvement goals by providing a series of snapshots that enable the 
tracking of progress toward the goal.

Cost models are tools that can provide additional power to enable 
managers to increase organizational efficiency through lower costs and 
increase organizational effectiveness through better quality decisions. The 
models are useful in negotiations with suppliers by helping to keep the 
discussions focused on facts rather than on opinion and political ma-
neuvers. The appropriate use of cost modeling can increase supply chain 
effectiveness and efficiency by facilitating collaborative efforts among sup-
ply chain partners to decrease costs and improve performance. Cost mod-
eling should be part of every supply chain, procurement, cost accounting, 
and operations professional’s toolbox.





CHAPTER 2

Constructing Cost Models
You have to start with the truth. The truth is the only way that we can 
get anywhere, because any decision making that is based upon lies or 
ignorance can’t lead to a good conclusion.

—Julian Assange

In chapter 1 we defined cost modeling as the analysis of resource data in-
cluding direct labor; direct material; indirect cost; sales, general, and ad-
ministrative (SG&A) costs; research and development (R&D) cost; and 
profit to understand the projected or true cost of products and services 
produced or purchased by an organization. But in the broadest sense, a 
cost model may be defined simply as a fact-based tool created with all 
the various cost components to assist business professionals with deci-
sion making. Cost modeling requires a basic understanding of financial 
principles, cost accounting, and the operations or industry to be mod-
eled. This chapter provides an overview of the overarching principles and 
the best practices necessary to create sound cost models. Some of these 
foundational principles we review include financial principles, conceptual 
designs, architecture and construction, auditability, fitness for purpose, 
and the various data sources used to construct the models.

Foundational Principles

Cost modeling starts with process mapping from raw materials to product 
delivery/service performance. Financial expertise is then needed for the 
modeler to incorporate the data collected into a financial model to as-
sist in decision making. Specifically, a thorough understanding of income 
statements, profit and loss (P&L) statements, statements of cash flow, 
cost accounting, and to a lesser degree, balance sheets is required to cre-
ate good cost models. Whether modeling the cost of a potential project, 
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internal operation, or a supplier-provided product or service, a sound 
grounding in basic financial principles is necessary, as well as a thorough 
understanding of how to apply that knowledge to use operational data to 
quantify the cost of that activity.

Income statements are utilized by all business organizations to under-
stand the profit or loss achieved in particular business operations. Similarly 
P&L statements are essentially the same as income statements but are de-
signed for internal use and thus do not reflect tax costs. While all business 
professionals should be familiar with the purpose and use of income state-
ments, those not directly working in the fields of accounting or finance 
may not have the same level of experience analyzing them. There are many 
books and publications that provide greater in-depth insight into the analy-
sis of financial statements, but because income statements and P&Ls form 
the backbone for all the cost models discussed in subsequent chapters, we 
will provide a high-level explanation and definition of key terms.

At the most basic level, income statements contain the components 
comprising the general cost model discussed in chapter 1 (Figure 1.1) and 
listed in Table 2.1.

Additional income statement terms that need to be understood in cost 
modeling are cost of goods sold (COGS), cost of service (COS), gross 

Table 2.1 Income Statement Components and Definitions

Income 
statement 
component Definition
Revenue (sales) Total of all sales dollars for a specified time period

Direct labor Total cost of laborers directly involved in the production of 
the product/service sold

Direct material Total cost of all materials encompassed in the product sold

Indirect costs 
(sometimes referred 
to as overhead)

All other costs associated with producing the products and 
services (equipment amortization/depreciation, electricity/gas, 
repairs, inspection labor, supervisory labor, etc.)

SG&A Total indirect expenses not directly associated with producing 
the products and services (advertising, executive salaries, sales 
returns and allowances, sales staff compensation, etc.)

R&D Total indirect expenses related to R&D activities

Income taxes Taxes paid on any net profits before taxes

Net profit after taxes Profit remaining after subtracting cost of goods sold, SG&A, 
R&D, and income taxes from revenue
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profit, gross profit percentage, and net profit percentage. In the produc-
tion of goods, COGS encompasses all the direct costs attributable to the 
production of that product. Similarly, COS is composed of all the direct 
costs attributable to providing a service (i.e., usually little or no direct 
material costs). Gross profit is measured as the dollar value to the business 
when subtracting COGS (or COS) from revenue. These basic financial 
measures may be calculated from income statement data as follows:

 1. COGS = direct labor + direct material + indirect costs 
 2. COS = direct labor + indirect costs
 3. Gross profit = revenue − COGS (or COS in service industries) 
 4. Gross profit percentage = gross profit ÷ revenue
 5. Net profit before taxes = revenue − COGS (or COS) − SG&A 

− R&D
 6. Net profit percentage = net profit ÷ revenue

A strong working knowledge of financial statements is one founda-
tional building block for creating cost models, but another pivotal piece 
is an understanding of activity-based costing (ABC). ABC may be nar-
rowly defined as a method of reassigning costs accurately from general 
cost categories to specific cost objects associated with specific outputs, 
processes, products, services, or customers.1 ABC analyses are applied to 
manufacturing and service settings to provide management insight into 
the actual costs associated with particular activities. Example 2.1 provides 
an illustration of how activities are equated to costs under the ABC meth-
odology. The examples used in this chapter are based on one of the au-
thor’s experiences; however, the actual data have been disguised to further 
protect the company’s identity.

Example 2.1 provides an illustration of the analysis of labor costs; 
however, the same methodology may be used to understand equipment 

Example 2.1. XYZ Apparel

A specialty apparel retailer, XYZ Apparel, is interested in understand-
ing the time required for store associates to unfold, hang, and steam 
garments to prepare them for display on the sales floor. As a part of 
the cost analysis, the corporate store operations manager hires a third-
party consulting firm to assess several key areas in a sample of stores.
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The deliverables the consultant is required to provide include process 
maps of what is occurring at store locations and the times associated 
with those activities.

The consulting firm reports the following findings to the corporate 
store operations manager:

•	 Mean time to unfold garment = 5 seconds 
•	 Mean time to hang garment = 15 seconds 
•	 Mean time to steam garment = 60 seconds
•	 Total mean time for activities = 80 seconds/garment
•	 Total garments unfolded, hung, and steamed per week = 800
•	 Calculated total time for all garments unfolded, hung, and  

steamed per week = 17 hours and 47 minutes
•	 Total store associate hours for the week = 120 hours

The corporate store operations manager knows the mean wage for 
store associates including benefits is $12.25/hour. Based on this activ-
ity analysis, she is now able to report the following:

•	 Each garment costs $0.272 to unfold, hang, and steam in the store.

3 5
80 seconds/garment

60 seconds
12.25/hour
60 minutes

$0.272

•	 In total, this activity consumed 17 hours and 47 minutes of 
productivity per week.

3 5
80 seconds/garment

60 seconds
800 garments

60 seconds
17 hours, 47 minutes

•	 The productivity time accounts for $217.78 in store associate 
labor per week.

17.78 hours × $12.25/hour = $217.78

•	 In total, this activity accounted for 14.8% of store associate time 
weekly.

5
17.78 hours

120 Total associate hours
14.8%
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costs. The amortization and depreciation expenses incurred on produc-
tion equipment can be easily allocated to specific units based on the time 
consumed for production and setup activities. This allows the opera-
tions managers to provide more accurate cost estimates for production 
of quoted units to their sales teams. In turn, this assists in ensuring that 
one customer’s product does not subsidize the cost of another, and the 
organization can be more price-competitive while remaining profitable.

The ability to convert time into cost is a central principle of cost mod-
eling, as costs incurred must be recouped whether they are from inter-
nal operations, external suppliers or through customer price increases. 
 Conducting these types of studies to assign costs to activities removes the 
mystery of the impact a particular activity has on the operational costs for 
a product or service. Additionally, this information provides the operations 
managers with essential information necessary to drive efficiencies and re-
duce total cost. These concepts are examined in greater detail in chapter 3.

Conceptual Design

If I had an hour to solve a problem I’d spend 55 minutes thinking 
about the problem and 5 minutes thinking of solutions.

—Albert Einstein

The construction of cost models should always begin with a conceptual 
design phase. The conceptual design phase begins with the central question, 
“What are we attempting to model?” The best cost models are generally the 
brainchild of strong cross-functional teams, so accuracy depends on the 
alignment of purpose and objectives for what is being modeled.

When addressing the clarity of purpose around “what” the team is 
attempting to model, the immediate follow-up question is, “What data 
or information is required to create the model?” Framework sessions are 

Equipped with this information, the corporate store operations 
manager now can begin collecting quotations from overseas suppliers 
to try to determine whether there is a financial benefit to have this ac-
tivity performed at the factory rather than at the store and to have the 
garments shipped already on hangers.
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beneficial in determining the necessary questions to ask, as well as identi-
fying outside influences or uncertainties that may need to be incorporated 
into the model to assess risk. A framework session may be defined as a 
meeting of the minds to understand all areas in need of analysis for a 
particular project or model formation. Framework sessions begin with the 
team identifying and collecting all potential issues or concerns regarding 
the business or decision the team is looking to model. Example 2.2 shows 
the issues identified during the XYZ Apparel team’s framework session.

Example 2.2. Framework Session Issues

Building upon the earlier example of the store operations manager 
working for a specialty apparel company, the corporate store operations 
manager and the cross-functional team for XYZ Apparel conducted a 
framework session to ensure that all cost elements, decision factors, 
and uncertainties were identified for inclusion in the cost model. Fif-
teen cost elements were identified during the session to be considered 
as part of any cost model and subsequent recommendation.

Supplier
labor

Productivity Import
duties

Eliminate
steam? Hanger

cost

Packaging
costsSupplier

capability

Distribution
center efficiency

Truck
freight

Ocean
freight Lost

sales

Opportunity
costs

Currency
fluctuations

Store labor

Transportation
costs

Once all issues are identified, an influence diagram can be constructed 
to determine the relationship each issue has on the value proposition the 
team is attempting to model. Influence diagrams are tools utilized early 
in projects to show the relationships of all the components identified in 
framework sessions and their relative influence on the value proposition. 
Often greater insight is gleaned through this process, which results in the 
addition of new components to the model as shown in Example 2.3.
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At this point it is useful to create specific questions relating to the 
component details, the answers to which will provide the information 
necessary to populate the cost model. Some of the questions for the XYZ 
Apparel example are illustrated in Example 2.4.

Example 2.3. Influence Diagram

After the cross-functional team identified all the uncertainties and deci-
sion factors, they developed an influence diagram to illustrate the im-
pact of each element relative to the value proposition being modeled. 
The arrows show the direction of the influence. For example, supplier 
labor is shown to influence productivity in the diagram. In this case, 
two new components were identified and added as a result of construct-
ing the influence diagram

Supplier
labor

Currency
fluctuations

International
source

Eliminate
steam?

Distribution
center efficiency

Other
costsProductivity

Enterprise
value

Hanger
cost

Domestic
source

Packaging
costs Transportation

costs

Opportunity
costs Lost

sales

Ocean
freight Truck

freight
Store labor

Import
duties

Example 2.4. Component Details

The corporate store operations manager and the team continue to 
build upon the cost information already collected to determine the po-
tential value of shifting the unfolding, hanging, and steaming activities 
from the stores to an overseas supplier. To ensure all team members are 
cognizant of the meaning of the cost elements, the team creates ques-
tions to correspond with each component of the influence diagram 
created. Obtaining answers to these questions, the team believes, will 
provide the information needed to populate the cost model to better 
understand this opportunity.
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The benefit of the framework session is to provide a full vetting of all 
potential influencing factors on the subject to be modeled. Without these ses-
sions the modeler is likely to neglect some key items of interest to the business 
and have an incomplete model that requires revision and rework, or worse, 
the modeler may recommend a decision that does not consider all the critical 
success factors. The primary purpose of cost models is to enhance decision 
quality, and creating models in the absence of a framework jeopardizes the 
model’s integrity and purpose. It is during framework sessions that the team 
can delineate what level of detail is necessary to ensure, with a high degree of 
confidence, the precision and accuracy of the model.

Architecture and Construction

With the influence diagram firmly defined, the next step is to determine the 
tool that will be utilized to create the cost model. Some organizations may 

•	 What is the labor rate for the supplier to provide this service? 
Is this labor as efficient as store labor?

•	 Could steaming be eliminated altogether if garments were 
shipped on hangers?

•	 What would be the productivity level of supplier workers 
compared to store personnel?

•	 Are our garment suppliers capable of shipping garments on 
hangers? Is it as cost efficient?

•	 Is there a cost difference to shipping garments on hangers 
compared to flat/folded (ocean freight, truck freight, import 
duties, packaging)?

•	 If garments are shipped with hangers from overseas, do we 
avoid separate hanger shipment costs?

•	 Will our distribution centers see productivity gains or losses 
with a potential switch?

•	 What currency fluctuations come into play when considering 
this switch?

•	 Is the store procuring or scheduling incremental labor to 
perform the unfolding, hanging, and steaming activities?

•	 Is there an opportunity cost to performing these activities in 
the store (i.e., less customer facing time results in lost customer 
sales)? Or could we reduce store associate hours?
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have internally developed tools or may have acquired licenses for cost esti-
mation software specific to their business. However, with one exception, 
for the purposes of this book, we will assume no specialized software exists. 
In the absence of a commercially available cost modeling program, the most 
prevalently used cost model development tool is a spreadsheet. The spread-
sheet used to illustrate this book is Microsoft Excel. In chapter 8 we discuss 
simulation, and we use Simcad Pro Lite to illustrate this chapter. Information 
about that program is contained in appendix B.

All cost models, whether constructed using a spreadsheet or specialized 
cost modeling software, need to have a well-defined architectural structure 
with a clear and logical flow and auditability. Professional programmers 
never begin to write even a single line of code without a well-defined road-
map and architecture. Similarly, cost models in the conceptual phase should 
not bypass the design phase and go directly into construction.

Though there is no singular best practice published relating to the 
actual design of a cost model, there are some consistent elements around 
development that should be followed. The elements the creator should 
be cognizant of when building the architecture of the cost model include 
usability, auditability, and fitness for purpose.

Usability has great importance when constructing cost models. If the 
user interface of the cost modeling tool is overly complex, it may deter 
the business from utilizing it to its fullest potential. With that thought in 
mind, when building a cost model utilizing a spreadsheet, creating a single 
tab (i.e., a single spreadsheet in a workbook of spreadsheets) for the user 
interface is highly recommended. The components that should be present 
in this tab of the spreadsheet are any variables you wish to manipulate. 
Typically these variables are separated into “assumption variables” and 
“decision variables.” Assumption variables would be any components not 
under the direct control of the company but that have significant influ-
ence on the outcome being modeled. These variables would include items 
such as currency fluctuations, interest rates, import duties, and commod-
ity prices. Decision variables, on the other hand, are components the 
company has direct influence over. Decision variables may include the 
following: make-or-buy, transportation mode, production volume, and 
price point. Though assumption and decision variables are to be located 
on the same tab of the dashboard/user interface worksheet, they should 
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reside in separate, clearly labeled areas of the sheet. This will allow the 
business to conduct scenario testing (or simulations) based on assump-
tion and decision variables together and independently. Example 2.5 pro-
vides an illustration of how the dashboard/user interface for XYZ Apparel 
in the example case might look using Excel. An updated view of the dash-
board will be seen later in the chapter as outputs are incorporated.

Auditability refers to the integrity and transparency of the cost model 
created. Not unlike studies conducted in the scientific community, cost 
models should have clearly documented logic that can be replicated. Fail-
ure to document adequately creates confusion for both the model builder 
and anyone trying to understand the model. Subsequently, this can lead 
to questions about the model’s accuracy and applicability. Clearly docu-
menting the structure allows for model revisions and improvements while 
providing any evaluator a clear ability to follow the logic of the model.

When constructing cost models within a spreadsheet environment, the 
auditability can be improved markedly by implementing a number of key 
best-practice techniques. Chief among these is to avoid referencing outside 
workbooks where possible—that is, separate spreadsheets and files. Links to 
outside workbooks are difficult to follow, and if the structure, cell reference, 
or location of that workbook were to change, the tool would no longer func-
tion. Second, never reference cells in a spreadsheet by their cell address loca-
tion (e.g., C43). Instead, name cells and cell ranges in a consistent format 
that allows you to distinguish assumption variables, decision variables, and 
calculated fields. Naming cells and ranges in a meaningful manner allows the 
user to easily understand the formulas present in the model. Further, do not 
“hard code” values into formulas for calculation purposes; instead, make the 
hard-coded value an input on your user interface (either an assumption vari-
able or decision variable). For example, if an interest rate of 7% is assumed 
within the model, the 7% should be an assumption variable referenced from 
another input source in the formula. This allows for easier use of the model 
to answer “what if” questions and to assess the sensitivity of the model to 
small changes in the inputs. Inputting the percentage directly into the for-
mula makes it difficult to audit and to update if assumptions change. Lastly, 
work to keep all calculations in the model on a single tab in the workbook. 
This can prove challenging, but avoiding multiple tabs of calculations can 
greatly improve visibility into the inner workings of the cost model.
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Making navigation of the model within the tool easy is not sufficient to 
make it auditable. An additional tab should be created within the workbook 
that includes the model’s purpose, the architectural design of the workbook 
(all tabs and their relation to one another), the influence diagram, any for-
matting conventions utilized, the version of the model, the model designer’s 
name, and the latest revision date. Example 2.6 illustrates how the corpo-
rate store operations manager for XYZ Apparel might use an Excel tab to 
outline information about the cost model. Note that each box in Example 
2.6 represents a distinct and separate tab of an integrated workbook.

Example 2.6. About the Model Tab

Author John Smith john.smith@xyzapparel.com 614-555-5555

Model Version 1.2
Revision Date 1-Jan-2015

Purpose: To accurately model the total cost of unfolding, hanging and steaming garments
 versus the total cost to have the supplier perform the activity.

Architectural Design

CalculationsUser Interface
Model Fields
Inputs
Calculations

Contact Information

About the 
Model Dashboard

Calculations

Charts

Audit Check

Fitness for purpose refers to the model’s ability to provide the output 
necessary to assist in decision making. Now that the model is created, in-
puts are ready for entry, and the calculations have been tested and shown 
to work as designed, the output of the model must be represented. The 
best scenario is to keep the output on the same tab of the spreadsheet as 
the input so that the user has a “dashboard” feel for the tool. This dash-
board should dynamically update as changes are made in the assumption 
variables and decision variables, so ensure any charts and pivot tables cre-
ated maintain those named cell references. All the information presented 
in report form on the dashboard should be significant to management 
needs and assist in the decision making process.
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Example 2.7 shows the manner the corporate store operations manager 
and the XYZ Apparel team chose to display results of their cost model. The 
key take-away from cost model construction is that the output of the cost 
model should be of sufficient detail so that not only can the team make 
a recommendation to leadership, but also the impact on each area of the 
business is identified from an operations and costing perspective. In the ex-
ample with XYZ Apparel, the team’s illustration of general ledger line im-
pact is important to note. Were this level of detail not provided, variances 
in these general ledger accounts would not have identifiable explanations 
that provide transparency to a project’s impact to the P&L.

Data Sources

Understanding the concepts, techniques, and best practices of construct-
ing cost models provides the framework for construction. However, even 
the most intricate cost models are only as good as their inputs. Steal-
ing a common phrase used by programmers, “garbage in, garbage out” 
very much applies to the world of cost modeling as well. The cost model 
created may pass all auditable checklists, but if the validity or reliability 
of the data is questionable, the decision quality will suffer. Ensure data 
sources utilized are reputable and reference them within your model as-
sumption variables.

Internal Data

Regardless of the type of model you are constructing, some of the data needed 
for cost modeling can come directly from your company’s own information 
systems and personnel. Enterprise resource planning (ERP), procurement, 
ABC, and standard cost systems are some of the best resources to collect gen-
eral ledger information and commodity-level information. Human resource 
management systems are also excellent sources of information if the project 
you are modeling has variables surrounding work hours and wages internal 
to the business. Operations or project personnel in the areas to be modeled 
should also be engaged in developing the model so that “hidden costs” are 
able to be identified and incorporated into the model. Cross-functional par-
ticipation within the enterprise is probably the single biggest contributor to 
cost model accuracy and speed to adoption as a valid decision making tool.
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Supplier Provided Data

Supply chain professionals will frequently work with supply organiza-
tions to better understand the costs associated with conducting a line 
of business. If customer-supplier bonds are close, it is not uncommon 
for suppliers and customers to share information with the intention of 
reducing overall supply chain costs. In these open-book strategic re-
lationships, information flows more freely, and it is easier to identify 
specific areas of disproportionate cost. However, the vast majority of 
customer-supplier relationships are not so strategic in nature, and prying 
cost information from suppliers can prove particularly difficult. Supply 
chain professionals faced with this challenge generally collect cost details 
by making its inclusion mandatory as part of a request for information 
(RFI) or request for proposal (RFP). Collecting cost information from 
multiple suppliers can provide current market-based cost information 
that can be instrumental in evaluating pricing proposals and forecasting 
future costs. Additionally, making supplier site visits and investigating 
supplier websites and annual reports can provide further insight into 
supplier costs and influencing factors.

External Data

External (third-party) data sources can be utilized in a number of cost 
model types, particularly in defining assumption variables. Because as-
sumption variables are tied to uncontrollable external forces, many of 
the assumption variables, such as currency fluctuations, commodity 
prices, and interest rates, are tied directly to indices designed to track 
their change over periods of time. Use of external data in this manner 
is not uncommon. However, supply chain managers frequently utilize 
outside data sources in more sophisticated manners to determine what 
a product or service truly costs the supplier to provide. This cost infor-
mation is then utilized in a negotiating setting to lower prices based 
on facts collected. A listing of some of the most prevalently referenced 
sources of external data are shown in Table 2.2, and several of these 
will be discussed in more detail in the external cost modeling chapters. 
Information about how to find and access these sources is contained in 
appendix A.
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CHAPTER 3

Internal Cost Models
Watch the costs and the profits will take care of themselves.

—Andrew Carnegie

An internal cost model is one produced to understand the cost structure 
of processes, products and services produced within your organization and 
to aid in decision making. Internal cost models have many uses. Among 
them are new product and service development, cost reduction, efficiency 
improvement, production planning, capacity planning, and as components 
of quality management systems.

All productive organizations have at least some sense of the cost to 
produce their products and services. Often, though, the cost information 
is incomplete, inaccurate, or out-of-date, which brings the principle of 
“garbage in, garbage out” into play when this cost information is used in 
decision making. It is important that decisions are made based on com-
plete, accurate, and up-to-date information. Internal cost modeling is a 
way to assure the completeness and accuracy of cost information.

Internal cost models are most often developed by operations man-
agers, process engineers, quality engineers, supply managers, and cost 
accountants either individually or in cross-functional teams. Selection of 
the appropriate type of cost model is important. But most important is 
assuring that the cost model motivates action. The model by itself does 
not create improvements in cost, performance, or competitive position. 
Those improvements result from appropriate actions by management 
guided by the information the model provides.

External cost models are usually developed at the net profit level, as 
shown in Figure 3.1, while internal cost models are most frequently devel-
oped at the gross profit level. Within an organization, sales, general, and 
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administrative (SG&A) costs and research and development (R&D) costs 
are not generally allocated to specific products but are deducted from 
total gross profits on the profit and loss (P&L) statement to obtain net 
profit. When developing internal cost models, the focus is usually more 
on the production costs specifically associated with the products or ser-
vices being studied rather than on the final cost burdened with SG&A 
and R&D. For internal models built to support pricing models, SG&A 
and R&D costs may be allocated as a percentage, as is usually done when 
developing external cost models (chapters 5 and 6). When developing 
external cost models, it is important to include SG&A and R&D costs, 
where applicable, as well as a reasonable profit in order to determine what 
a product or service should cost to purchase. 

Cost Feasibility Analysis for New Products and 
Services

A key aspect of new product and service development is the assessment 
of a feasible price point. A price point target is usually set during the 

Figure 3.1 General cost model applied to internal cost models

Direct material

COGS Direct labor

Indirect cost

SG&A

R&D

Pretax Profit

Type of material
Amount of material
Delivered cost of material
Normal conversion loss

Amount of labor
Wage rate

Direct labor benefits
General overhead
Material usage variance
Labor efficiency variance

Usually Applied as % of Sales
Returns
Allowances
Advertising
Headquarters Expense

Usually Applied as % of Sales

Usually Calculated as % of Sales

Price:
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early stages of development. At various points during the development 
process, it is desirable to construct cost models to determine how close 
the projected cost is to the target. The objective is to construct the bill of 
materials (BOM), bill of labor (BOL), and estimated overhead, the sum 
of which represent the total cost of production of the product or ser-
vice being designed. The combination of these cost components is often 
 represented in a master file such as the one shown in Example 3.1.

The process of creating an internal cost feasibility model is not unlike 
that of creating an external projected cost model. The big difference 
(and advantage) is that in the case of an internal cost feasibility model, 
the modeler has full access to the cost information already developed 
in the organization. This can greatly decrease the time requirement for 
creating the model and increase the model’s accuracy. The internal cost 
model can be as simple or complex as is necessary to answer all the 
questions it is intended to address. Frequently, a simple cost model is 
sufficient:

total factory direct cost (FDC) = direct material + direct labor + overhead.

Direct material requirements can be determined using the engineer-
ing design drawings, specifications, and BOM. Costs for these materials 
can be determined using existing data if the materials are common to 
existing products. If the materials are new, costs can be determined using 
supplier price quotations or catalog prices. Applicable scrap factors should 
be included in the model. For example, if a component with a circular 
cross section is stamped from a square blank, there will be unavoidable 
scrap. This scrap may be minimized by, for example, resizing the blank 
or using an optimization program designed to maximize the amount of 
good product obtained from a given blank. Avoidable scrap, such as an 
allowance for a certain percentage of defective products, should always be 
included separately so that it is visible and subject to efforts to reduce it.

Direct labor hours can sometimes be determined by combining elements 
of existing processes to build up a model of the labor required for the new 
product. If the product is entirely new to the organization, predetermined 
time standards may be used to develop the direct labor hours required. Using 
the required labor hours estimate and existing standard labor rate informa-
tion, an estimate of the direct labor cost can be obtained.
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Overhead costs may be estimated in several ways. If the organization 
applies overhead costs based on direct labor hours, direct labor dollars, 
or units of production, a first-order estimate can be developed using the 
existing overhead application factor. If this first-order estimate is insuffi-
cient for the purposes for which the model is being developed, the actual 
overhead to be applied to the new product or service can be built up. 
The first step in this process is to break the total overhead cost into fixed 
and variable components. Fixed costs are constant regardless of the pro-
duction volume over a relevant range of production. Examples of fixed 
overhead costs are general costs for space and utilities, tooling, and pro-
duction equipment. Variable overhead costs are incurred with each unit 
of production. Examples of variable  overhead costs are specific costs for 
utilities to run production equipment and task lighting at workstations, 
in-process inspection and testing, and benefits for direct labor employees. 
If no production occurs, all the fixed costs but none of the variable costs 
are incurred.

A better estimate of variable overhead cost may be obtained by analyz-
ing the process, determining the actual variable overhead costs incurred 
during the study period, and allocating those costs to the units produced 
during the study period to obtain the variable overhead cost per unit. 
This allocation of specific costs to products or cost centers is the approach 
taken by an activity-based costing (ABC) system:

Example 3.1 illustrates how a simple cost model may be constructed. 
The estimates from the cost model of total costs of production can 

be compared with target costs established when the development proj-
ect was initiated and with target prices to estimate profit margins for 
the product or service under development. These comparisons are valu-
able in determining design changes that might be needed to bring costs 
closer to target, establishing a new target price, or even determining 
whether it is feasible to continue the development project. The more 
accurate the cost estimates are, the better the decision based on those 
estimates will be.

= Variable overhead cost per unit.
Variable overhead incurred 
Number of units produced
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Example 3.1. New Product Internal-Projected  
Cost Model

Our division has been tasked with producing accessory part kits to be 
included with a new product. The kits consist of two bolts and two 
nuts packaged in a poly bag. The direct material costs were estimated 
as shown in Table 3.1 based on catalog costs for the BOM items pur-
chased in bulk quantities.

Table 3.1  Estimated Material Costs for Accessory Kit P/N 007-040

Part
Unit of
measure

Total 
cost

01-01 Accessory Kit P/N 
007–040 

02-01 2 × 2” Poly Bag P/N 
S–267

02-02 Grade 5–5/16”–18–
2.5” Hex Bolt P/N B–432

02-03 Grade 5–5/16”–Hex 
Nut P/N N–432

1 kit

1 each

2 each

2 each

0.0180

0.5000

0.0484

01-01 Total direct material cost $0.5664

Direct labor cost was estimated using method time measure-
ment (MTM), a predetermined time standard method. MTM uses 
tables of micromotions with standard time values measured in time 
measurement units (tmu), which are 10−5 hour or 0.036  seconds in 
duration. The steps involved in using MTM are as follows: (a)  define 
the micromotions (e.g., reach, grasp, move, release) required to com-
plete the job, (b) find the appropriate time using the MTM tables 
for each micromotion, (c) sum the micromotion times to obtain 
the synthetic performance normal time for the job, (d) apply the 
appropriate allowance factor to obtain the synthetic performance 
standard time for the job, and (e) multiply the standard labor time 
by the standard labor rate to obtain the synthetic standard direct 
labor cost.
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Table 3.2 MTM* Table for Accessory Kit P/N 007-040

Element Description Hand
MTM 
code Tmu

1 Reach and grasp poly bag L R14B 
G4A

14.4 
7.3

2 Move to center of work space L M14B 14.6

3 Grasp and open poly bag L&R P2S 16.2

4 Reach and grasp 2 bolts R R10C 
G4A

12.9 
7.3

5 Move and release into poly bag R M10A
RL1

11.3
2.0

6 Reach and grasp 2 nuts R R10C 
G4B

12.9
9.1

7 Move and release into poly bag R M10A 
RL1

11.3
2.0

8 Grasp and close poly bag L&R P2S 16.2

9 Move and release completed kit L M12B 
RL1

13.4 
2.0

10 Hand to starting position L M12A 12.9

Direct labor synthetic time in tmu 165.8

*The reader is directed to the following resources for detailed information about the use of 
predetermined time standards: What Every Engineer Should Know about Manufacturing Cost 
Estimating by E. Malstrom, 1981, New York, NY: Marcel Dekker and Methods, Standards, and Work 
Design by B. Niebel and A. Freivalds, 2005, New York, NY: McGraw Hill Higher Education.

Converting tmu into seconds results in 165.8 × 0.036 = 5.9688 
seconds or 0.001658 hours for the job. The allowance factor for this 
job (allowances for basic fatigue, environmental conditions, monot-
ony, etc.) was determined separately as 22% based on job time. This 
is used to convert the synthetic normal time into standard time for 
the job by multiplying the synthetic time by the allowance factor: 
0.001658 × 1.22 = 0.00202276 hours. The standard wage rate for 
employees doing this job is $12 per hour, resulting in a standard direct 
labor cost of $0.02427312 per unit.

Overhead is calculated in this organization as a percentage of direct 
labor cost. The overhead factor for this department is 150%. The 
 overhead to be allocated to the job is calculated as $0.02427312 × 
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Learning Curve Cost Model

Learning curve cost models focus on the direct labor part of the general 
cost model. Learning curve cost models recognize that for many labor-
intensive processes, the more times the process is repeated, the less time 
is required per repetition. We experience the learning curve effect when-
ever we purchase a new electronic device such as a computer, cell phone, 
or surround sound system. At first we must consult the documentation 
and experiment in order to make the device perform. We become more 
comfortable with the device very quickly and over time can make it per-
form naturally and almost without thinking about it.

The rate of decline in time per repetition is represented by the learn-
ing rate, which depicts the logarithmic relationship between the time 
required for each repetition and production over time. The learning rate 
is more rapid in the early stages after the start-up of a new process and 
gradually declines over time. A learning rate of 100% indicates no learn-
ing over time, while a learning rate of 90% indicates a 10% reduction 
in time required per unit for each doubling of the production output. 
Table 3.3 demonstrates the effect of a 95% learning rate on a process that 
initially requires 50 hours of direct labor per repetition (unit). As you 
can see, over time many more repetitions are required in order to obtain 
smaller and smaller reductions in hours per repetition.

Figure 3.2 graphically depicts the example in Table 3.3 using a 95% 
learning rate and compares that rate to 90% and 80% learning rates. As 
you can see, the learning rate curve is initially much steeper for the 80% 
learning rate than for the 90% and 95% learning rates. So selection of the 
appropriate learning rate is extremely important.

It is possible to calculate the hours per unit for any number of repet-
tions using the following equation:

Tn = Ti × nln LP/0.6931472,

1.50 = $0.03640968. We may now calculate the projected standard 
cost to produce the kit using the simple cost model:

total FDC = direct material + direct labor + overhead

$0.6270828 = $0.5664 + 0.02427312 + 0.03640968.
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Table 3.3 Ninety-Five Percent Learning Rate Example

Number of 
repetitions

 
Hours per repetition*

Reduction in hours 
per repetition

1 50.00 –

2 47.50 2.50

4 45.13 2.37

8 42.87 2.26

16 40.73 2.14

32 38.69 2.04

64 36.75 1.94

*The values in this column can be calculated using a spreadsheet program such as Excel.  
To obtain the hours per repetition for two repetitions, type the following into a cell in Excel: 
= 50*.95. The result will be displayed as 47.5.

Figure 3.2 Examples of learning curves

where Tn is the production time for the nth unit, Ti is the production time 
for the initial unit, ln is the natural logarithm (base ~2.71828), LP is the 
learning rate expressed in decimal form, and 0.6931472 is the natural log 
of 2 (ln 2). Using the equation from the previous example to calculate the 
production time for the eighth unit with a 95% learning rate T8 = 50 ×  
8ln 0.95/0.6931472, yields a production time for the eighth unit of 42.87 hours. 
Natural logarithms can be determined using spreadsheets such as Excel. 
Putting = LN(2) into a cell in Excel returns the value of the natural log of 
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2 =.693147. To program Excel to calculate T8 in this example, type the 
following into a cell: =50*8^(LN(0.95)/0.6931472). The result will be 
displayed as 42.86875.

While mathematically the rate of reduction in hours per repetition 
never reaches zero, practically there are often limits to the reduction in 
hours per repetition that may be achieved. This limit must be determined 
empirically for each process. For example, using the data in Table 3.3, 
there might be machine interfaces, process requirements such as curing 
time, or human physical constraints that do not permit the task to be 
completed in fewer than 40 hours. In this case the learning curve would 
be truncated at 16 repetitions and extended as a horizontal line, as shown 
in Figure 3.3. The learning rate of 95% would be used for the first 16 units 
of production and a learning rate of 100% (no reduction in hours per rep-
etition) would be used for all remaining production.

While some learning is almost automatic, the rate may be enhanced 
by management actions to provide appropriate motivations to improve, 
implementing improvements to the process, materials and methods, 
and the amount of training provided to workers. The rate of reduction 
in time per repetition will be reduced by high employee turnover rates, 
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inadequate training, an organizational culture that does not encourage 
and support improvement activities, and indifference by management.

Different rates of learning occur for different processes. Learning is usu-
ally modest and of short duration for very simple tasks such as packaging 
operations and more dramatic and of longer duration for more complex 
tasks such as the assembly of a personal computer. For this reason, learning 
curves are generally applied to the analysis of more complex tasks. Engineer-
ing judgment and experience are used to set a projected learning rate that is 
then validated using pilot studies or upon the actual start-up of the process.

Learning curve cost models are useful in many ways, including pric-
ing decisions, capacity planning, and scheduling. The cost feasibility 
analysis is often done for the first unit produced. When initial cost feasi-
bility analysis is combined with learning curve analysis, projections can 
be made for increases in labor efficiency over time. Prices may be set lower 
than the initial cost feasibility analysis would indicate when used alone 
to reflect the expected learning rate and associated cost decrease, thus en-
abling a greater initial market penetration. When capacity  planning and 
scheduling reflect the learning rate, more realistic plans result.

Learning curve cost models can also be quite useful in purchasing 
negotiations for new products or with new suppliers of custom products. 
The objective of the negotiation would be to arrive at a dynamic pricing 
model that reflects an agreed-on learning rate. That provides the opportu-
nity to share the cost reduction benefits between producer and purchaser 
and serves as an incentive for the producer to assure that the agreed-on 
learning rate is achieved. Handled correctly, the use of learning curves can 
help assure the price competitiveness of the supply chain.

Internal Cost Modeling as an Input  
to the Pricing Decision

Pricing decisions are generally made based on either a cost or market 
basis. In market-based pricing, prices are based on competitor pricing for 
comparable products or services and the organization’s marketing strategy. 
Organizations are often forced into using market-based pricing–particu-
larly for commoditized products and services where competition is fierce. 
Organizations that wish to sell into these markets must set competitive 
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prices regardless of costs of production in order to achieve market share 
targets. Cost modeling can be of value in market based pricing decisions 
by providing accurate information about the variable and fixed costs of 
production. A firm may elect to produce a product with a negative profit 
margin based on total cost if the price is sufficient to cover all variable 
costs plus make a contribution to fixed costs. If overall production vol-
ume in the facility is sufficient to make up the difference in the uncovered 
portion of fixed costs allocated to the product being priced, the firm may 
elect to produce the negative gross margin product.

With cost-based pricing, prices are based on production costs plus de-
sired profit. Organizations are generally able to use cost-based pricing for 
new products, ones that have a significant advantage in the market-place, 
or ones for which few competitive alternatives exist.

The modeler should always be explicit about the time frame and 
any assumptions implicit in the model. Initial cost models are often 
made based on the cost of the first units produced. This model may be 
modified to show the expected cost after the production of a specific 
number of units assuming a certain learning rate, a targeted continu-
ous improvement goal, or expected economies of scale. Where learning 
rates or continuous improvement goals are considered, it is often best 
to construct a base model without these improvements and additional 
models to show the anticipated lower costs associated with achieving 
the learning rate, continuous improvement target, and economies of 
scale. Simulation models, discussed in chapter 8, also can be used to 
model the effects of continuous improvement projects which may affect 
pricing decisions.

Internal Cost Modeling in Cost 
Reduction/Continuous Improvement Programs

To be able to improve something, you have to know how to measure it.
—Greg Brue

Cost models for internally produced products and services can be of great 
value in identifying sources of waste and, in conjunction with traditional 
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lean operations tools such as value stream mapping, can contribute to the 
improvement of operations. Sometimes just the process of constructing the 
cost model reveals previously unrecognized cost components that may not 
be competitive. Internal cost modeling has been used to help organizations 
as diverse as chemical manufacturers, and airlines and hospitals achieve 
 multimillion-dollar cost savings and performance improvements.1

Internal cost models are easier to construct than external cost mod-
els primarily because the analyst has readily available access to cost data 
and to the processes themselves. The information required to construct 
an internal cost model is contained in the BOM, BOL, and standard 
cost master files. Standard cost information, including BOM and BOL, 
is often consolidated into a master file. The job of creating internal cost 
models is simplified for organizations using ABC. ABC is an overlay to 
an organization’s traditional accounting system that specifically assigns  
costs to the activities in which they occur.2 A frequently encountered 
problem, however, is that the internal cost data are not always accurate or 
sufficiently complete to support the decision making process.

Simulation models, discussed in chapter 8, are also useful in modeling 
possible changes in processes. Experiments can be conducted in a fraction 
of the time and at a fraction of the costs using simulation rather than 
experimenting on the actual process itself. Information obtained from 
simulation models can assist in prediction of the effects of process changes 
and help in the establishment of project feasibility and budgets.

Internal Cost Modeling to Support Projects to 
Increase Efficiency or Reduce Costs

Becoming more lean, increasing efficiency, minimizing bottlenecks, 
and reducing costs are imperatives for most organizations. Programs 
such as Six Sigma, lean operations, and just-in-time (JIT) focus on 
identifying and eliminating, or at least minimizing, sources of waste in 
a system. Value stream mapping, seven wastes, and 5S are frequently 
used tools in these programs. Cost modeling can be a valuable addition 
to this toolbox.

The process of creating an internal cost model to determine how 
much a product or service should cost to produce is identical to that used 
to create external cost models of the same type (chapters 5 and 6).
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The source information for constructing an internal cost model already 
exists within most organizations in the form of BOM, BOL, and master 
files, thus greatly simplifying model building. However, this data, even if 
accurate, is usually not in the form or level of detail required for cost model-
ing. The job of a cost modeler is to drill down into the data to create a 
cost model that accurately portrays the categories of costs and distribution 
of costs among those categories. This process can turn a standard cost model 
used for accounting and planning purposes into one that can identify sources 
of waste and suggest areas for improvement. Example 3.2 is an actual example 
from one of the author’s experiences.

Example 3.2. Internal Cost Modeling for Cost 
Reduction and Efficiency Improvement

A new general manager was hired in the 1980s to turn around the fortunes 
of a magnetic media producer. The company had been losing money, and 
improvements in cost and efficiency were among the keys to returning the 
company to profitability. One of the first things the new general manager 
did was to conduct a cost analysis of the leading products produced in the 
factory. The company used a cost accounting system based on a manufac-
turing master file— a combination of BOM and BOL. Table 3.4 shows 
the entry for one of the major sellers produced by the company.

The first cut through the cost analysis identified significant sources 
of waste. These waste sources consisted of non-value-added activities 
and scrap factors built into the standard cost.

Further analysis of the subassembly 77–7640 (tape), which is pro-
duced in-house, revealed that a 7% scrap factor was included in its factory 
direct cost (FDC). This adds $14.88 in waste allowed by the standard per 
1,000 units of end product resulting in a total waste of $72.37 per 1,000 
units ($14.88 + $57.49) or 12.37% of the FDC of the product.

Examination of the P&L statement showed that the plant was aver-
aging a 0.44% material usage variance (material usage above standard) 
based on total materials usage and a 23.4% labor efficiency variance 
(labor usage above standard). This adds an additional $0.196 in mate-
rial waste and $3.01 in labor waste per 1,000 units resulting in a total 
waste of $78.58 per 1,000 units ($14.88 + $0.196 + $3.01) or 13.43% 
of the FDC of the product.
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Table 3.5 Non-value-Added Components in Standard Cost

Waste description

Cost (dollars 
per 1,000 
units)

Percentage 
of factory 
direct cost 
(FDC)

Operation 04– 03 (rework) is a non-value-
adding activity.

8.67

Raw material 77–1112 (cassette shell C–0) 
has a 0.06380-unit (6.38%) scrap factor built 
in. This implies that the loading operation 
(05–03) also has a 6.38% scrap factor built-in.

9.71

1.49

Subassembly 77– 7640 (tape) has a 50-foot 
(15%) scrap factor built-in.

31.88

Raw material 77–3137 (label) has a 0.222-unit
(11%) scrap factor built in. This implies that the
labeling operation (07–03) also has an 11% 
scrap factor built-in.

1.57

2.57

Raw material 77–3225 (insert) has a 0.031-unit 
(3.1%) scrap factor built-in.

0.64

Raw material 77–1305 (plastic box) has a 0.010-
unit (1%) scrap factor built in. This implies 
that the boxing operation (08– 03) also has a 
1% scrap factor built-in.

0.53

0.16

Raw material 77–4118 (inner carton) has a 
0.017-unit (2%) scrap factor built-in.

0.27

Total waste cost (dollars per 1,000 units). 57.49 9.8

A similar analysis was conducted for several other high-volume 
products and the waste amounts were found to be similar to this prod-
uct. Analysis of all the individual products proved unnecessary since 
process improvements to reduce waste for one product applied to all 
products of this type produced in this facility.

This analysis resulted in engineering projects whose goal was to re-
duce waste in this product line by 1% of FDC per month over the next 
6 months to ultimately cut the waste in half. These projects included 
the replacement of some equipment that was old, inefficient, difficult 
to maintain, and generating a disproportionate amount of defective 
product. Some existing equipment was upgraded with digital controls 
that allowed for fine tuning of the processes. Manufacturing standard 
operating procedures (SOP) were reviewed and operators were trained 
in the new procedures. Sourcing of raw materials was reviewed to assure 
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Integration of Multiple Models

While each of the models discussed in this chapter can be used on a 
stand-alone basis, they are often used in combination. For example, in 
new product and service development, a learning curve cost model might 
be developed, followed by a cost feasibility model using labor cost data 
for a specific point on the learning curve, followed by a breakeven analysis 
to determine the production volume required to breakeven at that point.

Each type of model is designed for a specific purpose, so selection of 
the appropriate combination of models to fit the project requirements is 
important. Most important, however, is that creating good models does 
not of itself improve anything. It is the actions by management that the 
models facilitate that create the improvement. In most cases, cost is usu-
ally just one of many factors that are important to the quality of the final 
decision. Cost models therefore should be viewed as just one input to the 
decision making process.

that all suppliers were providing the best buy combination of quality 
and price. The result was that the cost reduction goal was achieved in 
less than 6 months and the process improvements also improved prod-
uct quality and consistency resulting in increased customer satisfac-
tion. The overall effect on the organization was a return to profitability 
within 3 months of initiating the improvement projects.



CHAPTER 4

Other Internal Cost Models

There are other types of internal cost models in addition to those discussed in 
chapter 3 that address the question of what should a product or service cost 
to produce internally. This chapter discusses four of these models: simple and 
stepped breakeven point models, make-or-buy decision models, crossover 
charts, and cost-of-quality models. The output from these models used singly 
or in combination can provide information that can significantly improve 
the quality of decisions relating to new product and service introduction, 
outsourcing, process selection, procurement, and overall cost management.

Breakeven Models

Breakeven cost models focus on the price and cost of goods sold (COGS) 
portions of the general cost model. A breakeven cost model can be used to 
determine the relationship between sales volume, expressed as total revenue; 
fixed costs of production; and variable costs of production. Breakeven models 
are useful in new product/service development for determining the sales vol-
ume necessary to break even, called the breakeven point (BEP), and thus can 
provide a lower bound on the sales volume necessary for project feasibility. 
By comparing the calculated breakeven point to market forecasts for sales of 
new products, an informed decision can be made about the feasibility of the 
new products from a cost and profit perspective. The pieces of information 
required to construct a breakeven model are the following:

FC Total fixed costs associated with production of the product or service 
Examples: property taxes, equipment costs, certain indirect salaries

VC Variable cost per unit associated with production of the product or service 
Examples: direct material, direct labor, variable overhead

R Revenue per unit
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Certain assumptions are implicit in the simple breakeven model.

 1. The variable cost per unit is constant regardless of production vol-
ume. This ignores such things as economies of scale where unit cost 
decreases as production volume increases. However, unless the mag-
nitude of economies of scale is very great, the linear assumption will 
generally yield a good estimate of the breakeven point.

 2. Revenue per unit is constant regardless of volume. This ignores such 
things as quantity discounts and variable pricing plans. If this linear 
assumption is clearly not valid, the revenue per unit can be calcu-
lated as a weighted average of the actual prices that are anticipated to 
be obtained.

 3. Fixed costs are fixed regardless of the volume of production. This is 
generally valid over a relevant range of volumes usually bounded by 
the upper limit of current production capacity. If the sales forecast 
falls within the relevant range, this assumption is satisfied. If the 
forecast is above the relevant range, an adjustment can be made to 
the model to reflect the additional fixed cost and perhaps altered 
variable cost associated with an additional increment in capacity. 
The adjusted model is referred to as the stepped breakeven model.

Simple Breakeven Model

Figure 4.1 shows a graphical representation of the simple breakeven 
model. Fixed costs are constant over the relevant range; total revenue 
and total cost are represented as linear functions (i.e., revenue and cost 
per unit are constant). The point at which the total revenue (TR) and 
total cost (TC) lines intersect is referred to as the breakeven point (BEP), 
which may be expressed in either units (BEPU) or revenue dollars (BEP$). 
At production volumes (PV) above the BEP, total profit is represented 
by the vertical difference between the TR and TC lines. At production 
volumes below the BEP, total loss is represented by the vertical difference 
between the TR and TC lines.

The graphical BEP model is constructed as follows: Plot the fixed 
cost as a horizontal line extending from that point on the vertical ($) 
axis.  Select an arbitrary production volume (PV) and calculate the total 
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revenue (TR = R × PV) at that point. Plot that point on the graph and 
connect it to the origin with a straight line. Select an arbitrary PV and 
calculate the total cost (TC = FC + VC × PV) at that point. Plot that 
point on the graph and connect it to the point where the FC line inter-
sects the vertical axis.

The BEPU may be calculated by understanding the components of 
TR and TC. At the BEP, TR and TC are equal:

TR = TC

TR may be calculated by multiplying the revenue per unit (R) by the 
production volume (PV). TC may be calculated by adding the total FC 
to the product of the variable cost per unit (VC) times the production 
volume (PV). Replacing TR and TC in the previous equation yields the 
following:

R × PV = FC + VC × PV.

Rearranging the terms yields

5
2

PV
FC

R VC
,BEP

where PVBEP represents the BEP—the volume of product at which total 
revenue equals total cost.

$
Total Revenue, TR

Profit at PV = U

Total Cost, TC

Total Fixed Cost, FC

Production Volume, units
U

Breakeven Point (BEPU), units
Breakeven Point (BEP$), $

Figure 4.1 Graphical representation of the simple breakeven model
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The BEP model may be used to estimate the volume at which a 
desired profit (DP) is obtained by adding the DP to FC in the previous 
equation*:

PV
FC DP
R VC

5
1

2

In this equation, PV no longer represents the production volume at 
the BEP but the volume at which the desired profit is obtained. This 
analysis is often helpful if a new product or service in development has 
been assigned a target level of profitability. If the model does not show 
that the target profit can be achieved at forecast volumes of production 
and target price, the design team can consider other options such as work-
ing to reduce product costs through value analysis, adjusting the target 
price upward, or even terminating the project.

How many units must be sold in order to break even in Year 1?

5
2

5
2

5PV
FC

R VC
1,780,000
550 315

7,575 unitsBEP

The BEP in terms of revenue is 7,575 × 550.00 = $4,166,250.

*When using a spreadsheet to make these calculations, be sure to enter the equation 
based on the order of operations. In this case, both the numerator and denominator 
must be enclosed in parentheses.

Example 4.1a. Use of the Breakeven Point 
Cost Model

The following projections apply to a new product under development:
Target price $550.00 

Direct material $122.00 

Direct labor $27.00 

Variable overhead $166.00

Total variable cost $315.00

Total fixed overhead to be allocated to product in Year 1 $1,780,000.00*

*This represents the tooling, specialized equipment, and so on associated with the new product.
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Example 4.1b. Use of the Breakeven Point 
Cost Model

Given the market projection for sales during Year 1 is 15,000 units, 
other information may also be calculated.

Allocate the fixed overhead  
to Year 1 sales unit: = $119 per unit.

$1,780,000
15,000

Calculate factory direct cost (FDC), gross profit per unit (GPU), 
and gross margin (GM):

5 1

5 1 5

5 2 5 2 5

FDC total variable cost fixed cost allocation
$315.00 $119.00 $434.00

GPU revenue per unit FDC $550.00 $434.00 $116.00

GM
Target price FDC

Target price
100

$550.00 $434.00
$550

21.09%.5
2

3 5
2

5

Calculate projected gross profit (GP) from sales of new product in 
Year 1:

GP = projected unit sales × GPU = $1,740,000.

Example 4.1c. Use of the Breakeven Point Cost 
Model

Given that the organization wishes to obtain a Year 1 gross profit of at 
least $2,000,000, how many units must be sold?

PV
FC DP
R VC

$1,780,000.00 $2,000,000.00
$550 $315

16,085 units.5
1

2
5

1

2
5

Stepped Breakeven Model

Figure 4.2 shows how the simple BEP model can be modified to account 
for volumes beyond the relevant range of the simple model’s assumptions. 
This adjustment reflects the increased fixed cost associated with adding a 
new increment of production capacity. The model shows that adding the 
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new capacity increment results in a shift from profitability to loss until 
the new BEP is reached.

The process for using the stepped breakeven cost model is exactly the 
same as for using the simple breakeven cost model up to the point where 
a new capacity increment is added (the upper bound of the relevant range 
for the simple model). To use the model for production volumes above 
this upper bound, the process is the same, except the new, higher fixed 
cost is used as shown in Example 4.2.

Example 4.2. Use of the Stepped Breakeven  
Point Model

Using the information from Example 4.1 as the initial BEP, calculate the 
new BEP if a new increment of capacity is to be considered. The new in-
crement of capacity will increase FC to $2,500,000. Revenue/unit and 
variable cost/unit remain unchanged:

PV
FC

R VC
$2,500,000

$550 $315
10,638 units.5

2
5

2
5

Sometimes, the VC/unit changes when a new capacity increment is 
added because, for example, the new equipment may be of a more  efficient 
design. The portion of the product produced on the new equipment will 

Figure 4.2 Graphical representation of the stepped breakeven model
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then have a lower VC/unit while the portion of the product produced on 
the old equipment will remain unchanged. Example 4.3 shows how to 
calculate the new BEP where the VC/unit changes in this way.

Example 4.3. Stepped Breakeven Point Cost Model 
With Revised VC/Unit

Using the information from Example 4.2, calculate the new BEP if 
the VC/unit using the new increment of capacity is $310. The new 
BEP is the point where the new total revenue equals the new total 
cost and may be calculated algebraically. The new total revenue may 
be expressed as

5 3 5 3TR R V $550 PV.New

The new total cost may be expressed as 

5 1 3

1 2

TC FC [(VC PV )
VC (PV PV )]

New New Initial BEP Initial

New BEP New BEP Initial

5 1 3 1 2TC 2,500,000 [(315 7,575) 310 (PV 7,575)]New BEP New

The new BEP (PVBEP New) is the point where TRNew = TCNew , 
which, when solved algebraically, results in PVBEP New = 10,575 units.

Breakeven models are designed for use in determining the break-even 
point for single products. However, by creating a weighted average compos-
ite product, multiple products— even an entire facility— can be modeled. 
This model would be valid so long as the product mix and cost and revenue 
structure remain unchanged. When product mix, prices, revenues, and/or 
costs change, a new weighted average BEP model must be constructed.

Make-or-Buy Decision Making

Cost modeling to support make-or-buy decisions focuses on the variable 
costs of production: direct material, direct labor, and that portion of in-
direct costs that is variable and that we will refer to as variable overhead. 
A decision about whether to produce a product or service in-house or to 
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purchase it from a supplier depends on many factors, including cost, qual-
ity, availability, and responsiveness. This section addresses the comparison 
of the cost of in-house production versus the delivered cost of purchasing 
from a supplier. A key here is to assure that the cost information on which 
this decision is based is accurate and complete by using cost modeling. 
In order to be useful, the comparison must explicitly delineate the fixed 
and variable costs associated with the in-house production of the product:

Variable cost of production = DM + DL + Variable overhead.

Fixed overhead is that portion of the standard overhead allocated to 
the product that remains even if production of that product ceases. If 
production is outsourced, this fixed overhead must be reallocated to the 
remaining production of other products. One example of fixed overhead 
is depreciation of the production equipment for outsourced product if the 
equipment cannot be used for other production or sold at a price at least 
sufficient to cover its book value. In the case of the sale of the now unneces-
sary equipment, usually the book value of the equipment will be written 
off (a one-time charge to the profit and loss [P&L]) instead of continuing 
the depreciation and offset by the revenue generated by the sale. Another 
example is the space allocated to the now-outsourced product if it cannot 
be profitably used for other purposes. Yet another example is the portion of 
the salaries of indirect employees (e.g., quality manager, production man-
ager, materials handler), which is currently allocated to the now-outsourced 
product if the employees will be retained after the product is outsourced.

The cost input to the outsourcing decision must compare the outside 
quotation price, including delivery costs to the variable cost of producing the 
product in-house. Example 4.4 illustrates a situation encountered by one of 
the authors involving the cost component of make-or-buy decision making.

Example 4.4. Make-or-Buy Cost Modeling: Trendy 
Specialty Products Company

The Trendy Specialty Products Company produces a variety of consumer 
products. One of these products is a promotional flashlight the company 
assembles from a combination of in-house and purchased components. 
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The materials manager just received an unsolicited quotation from one 
of the flashlight component suppliers. The quotation was for the com-
plete assembly of the flashlight using existing sources of parts. The price 
in the quotation was $2.30 per flashlight delivered (FOB destination). 
The manager compared this quotation with the FDC in the master file of 
$2.49. He calculated the savings as $2.49 − $2.30 = $0.19 per flashlight 
times the forecast volume of 8,000,000 flashlights = $1,520,000 for the 
year. While on his way to present this opportunity to save $1.5 million 
to the general manager, he chanced upon a consultant  employed by the 
organization to assist in a quality improvement effort. The consultant 
looked at the numbers and suggested the procurement manager visit with 
the cost accounting department first and get their assistance in breaking 
the overhead down into fixed and variable components.

After discussing his analysis with the lead cost accountant, the pro-
curement manager went back to his office. A few hours later, the cost 
accountant stopped by with her analysis. The fixed portion of the over-
head was $0.41 and the variable portion was $0.48. In the ensuing 
discussion, it was determined that the organization had no immediate 
productive use for either the space or the equipment they used to as-
semble flashlights. Because the equipment was of a special design, it 
was unlikely they could find a ready buyer for it. Only the costs of a 
dedicated quality inspector, a materials handler, and a supervisor could 
reasonably be eliminated from the fixed overhead cost. This amounted 
to about $0.02 per flashlight. The remaining $0.39 of the fixed over-
head would have to be reallocated to other products if the flashlight 
assembly was outsourced. The variable cost of assembling a flashlight 
was then calculated to be $2.49 − $0.39 = $2.10.

The revised analysis compared the variable cost of production to 
the quotation. Now the comparison showed $2.10 − $2.30 = $0.20 
loss per flashlight times the forecast volume of 8,000,000 flashlights = 
$1,600,000 loss for the year if the assembly operation was to be out-
sourced. The materials manager approached the supplier saying that he 
would need a delivered price below $2.10 per flashlight in order for the 
offer to be considered. The supplier was unable to drop the price that 
much, so the organization continued to produce the flashlights in-house.
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As Example 4.4 shows, it can be dangerous to base make-or-buy deci-
sions on models that only use information from the organization’s stan-
dard cost system, which in this case did not contain sufficient detail to 
support the decision making process. Organizations using activity-based 
costing (ABC) or enterprise resource planning (ERP) systems, which allo-
cate costs more explicitly, have an easier time obtaining the information 
necessary to construct cost models to aid in make-or-buy decision making 
for products and the insourcing or outsourcing decision for services.

Process Selection: Crossover Chart

A cost model related to the breakeven model that is useful in process 
selection and make-or-buy decisions is the crossover chart. This model 
makes use of the total cost curves constructed in the same manner as 
the breakeven models to determine the ranges over which two or more 
options are preferred on the basis of total cost. The information required 
to construct a crossover chart model are the following:

FC Total fixed costs associated with production of the product or service

VC Variable cost per unit associated with purchase or production of the 
product or service

The same BEP model assumptions of a linear relationship between 
VC and production volume and FC being constant over the relevant 
range apply to the crossover chart model. The TC line is the only line 
used on the crossover chart and is constructed in the same way as in the 
BEP model, with its intersection of the vertical axis at the point where 
the FC line would be drawn. Example 4.5 shows how a crossover chart is 
constructed and demonstrates its use involving a combination of make-
or-buy and process-selection decisions.

Example 4.5. Using the Crossover Chart Cost Model

A product development team is considering three alternative pro-
duction processes for a new product. Alternative A is to use existing 
equipment with some minor modifications. Alternative B involves 
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purchasing relatively low-cost new equipment on which to produce 
the product. Alternative C requires purchasing state-of-the art equip-
ment that is higher in cost than the equipment in Alternative B but 
has higher production rates. Alternative D involves outsourcing the 
production of the product. Quotations and cost estimates have been 
developed for all four alternatives being considered. While cost is 
only one factor in this decision, it is an important one and will weigh 
heavily on the final decision.

Alternative Fixed cost ($) Variable cost per unit ($)
A 30,000 9.50

B 350,000 5.75

C 500,000 3.50

D 100,000* 7.40

*FC is not zero because the supplier requires the buyer to pay for specialized tooling and fixtures.

The team uses this information to construct a crossover chart in order 
to better compare the alternatives.

Calculate the production volume for the crossover points where the 
lowest total cost shifts from one alternative to another. There are two such 
points on this graph: where A and D cross and where D and C cross.
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TCA = TCD TCD = TCC

FCA + VCA × PV = FCD + VCD × PV FCD + VCD × PV = FCC + VCC × PV

$30,000 + $9.50 × PV = $100,000  

+ $7.40 × PV

$100,000 + $7.40 × PV = $500,000  

+ $3.50 × PV

PV = 33,333 units PV = 102,564 units

The crossover chart shows that Alternative A has the lowest total cost 
for volumes of 1 to 33,333 units, Alternative D has the lowest total costs 
for volumes of 33,333 to 102,564, and Alternative C has the lowest total 
cost for volumes in excess of 102,564.

Mathematically, the crossover points are referred to as “points of indif-
ference.” That implies that the decision maker is indifferent between the 
alternatives at the crossover point. Practically, this is rarely the case. At 
the crossover point, additional information is required in order to make 
the best decision. For example, at the point where the total cost lines for 
A and D cross (PV = 33,333 units), the final decision might be based 
on the forecast volume for the new product. If marketing forecasts ini-
tial production volume near the crossover point but substantial growth 
within a year of introduction, the decision would lean toward Alternative 
D. If, on the other hand, marketing forecasts initial production volume 
near the crossover point but declining sales over the ensuing life of the 
product (think pet rocks of the 1970s), then the decision would lean 
toward Alternative A.

Cost-of-Quality Models

A quality cost model is a way of showing management that reducing 
the cost of quality is in fact an opportunity to increase profits without 
raising sales, buying equipment, or hiring new people.

—Philip Crosby

Cost-of-quality (COQ) models, also referred to as cost of poor quality 
(COPQ) models, are designed to identify the magnitude and types of 
expenditures associated with the production of defective products or ser-
vices and an organization’s efforts to prevent and detect those failures. 
COQ models are frequently used within the quality management system 
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of organizations. Research has shown that quality costs can amount to 
10% and in some cases as much as 30%–40% of a product’s sales price.1 
In 1996 prior to implementing Six Sigma, General Electric estimated 
their quality costs at 15% of sales. By 2000 GE estimated they had 
achieved a $4 billion reduction in the cost of quality through projects 
directed toward improving processes and products.2

Every COQ dollar saved flows to the bottom line with the potential 
added benefits of possibly increased safety and reliability and increased 
customer satisfaction due to improved product and service quality. A 
COQ model can provide information that can help direct continuous 
quality improvement activities and document the progress of those initia-
tives in financial terms. Much of the true cost of poor quality is buried 
in overhead and variance accounts in an organization’s cost accounting 
system and is not explicitly available to help motivate projects to reduce 
these costs. One study3 found that only about one-third of the total costs 
incurred by an organization due to suppliers’ poor quality products are 
explicit. The other two-thirds of the total cost, including extra inspection, 
reordering, and extra material handling, are often not explicitly accounted 
for. COQ provides a significant opportunity for the entire supply chain 
to identify and reduce the costs associated with poor quality.

As a driver of continuous improvement activities, COQ modeling 
helped Xerox achieve a $53 million first-year savings,4 Dow Chemical 
achieve a $1.5 billion cumulative savings,5 and CRC Industries to re-
duce its failure cost by 50% in 4 years from 0.70% to 0.33% of sales.6 
But despite the record of success for cost-of-quality models, studies have 
shown that only about one-third of business organizations systematically 
use cost-of-quality modeling.7

This section discusses the prevention, appraisal, and failure (PAF) 
quality cost model, which is the most commonly used form of COQ 
modeling. A quality cost model takes quality cost information from the 
organization’s traditional accounting system and assigns these costs to four 
categories: (a) prevention, (b) appraisal, (c) internal failure, and (d) ex-
ternal failure. Prevention costs are incurred to prevent nonconformances 
from occurring. Examples include design reviews, quality education, qual-
ity system audits, and quality administration. Appraisal costs are associ-
ated with measurements and inspections to assess conformance to quality 
standards. Examples include incoming inspections, test equipment and 
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materials, inspection labor, and source inspection. Internal failure costs 
result from nonconforming products or services detected prior to delivery 
to customers. Examples include the cost to convene a material review 
board (MRB), the cost to apply corrective action, the cost to rework non-
conforming product, the cost of downgraded end product, the cost of 
uncontrolled material loss, and the cost of internal design failure. Exter-
nal failure costs result from nonconforming products or services detected 
after delivery to customers. Examples include returned goods, recall costs, 
warranty claims, contract penalties, and loss of customer goodwill.8 Most 
of these costs are entered into traditional accounting systems but often are 
aggregated and reported under certain variance and overhead accounts. 
Creating a COQ model requires identifying the specific quality costs and 
assigning them to the appropriate COQ category. This task is made easier 
for firms using ABC or ERP systems, which can be configured to track 
COQ on a routine basis providing a dynamic model of the firm’s expen-
ditures to prevent, detect, and correct quality problems.

Example 4.6 depicts a typical P&L statement for an operating division 
of a manufacturing company. While some quality costs are evident—for 
example, rework labor and salary for quality assurance (QA) employees—
most are buried within other cost categories. When initially constructing 
a COQ cost model, additional research is required to drill down into 
these other categories to find the real quality costs. After these have been 
identified, standard systems can be introduced to extract these costs and 
assign them to the appropriate COQ category on a routine basis so that 
quality costs can be monitored over time. Example 4.7 shows how the 
quality costs were extracted from the P&L and assigned to the appropri-
ate COQ category.

Example 4.6. Operating Division P&L Statement

Actual this 
year ($) % of sales

Gross revenues 32,356,128

Less sales 
returns

   1,633,534 5.32
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Actual 
this year 
($)

% of 
sales

Net revenues 30,722,594

Cost of goods 
sold

24,579,864 75.97

Gross profit   6,142,730 18.99

Less sales, 
general, and 
administrative 
(SG&A)

  3,636,218 11.84

Less R&D 
expense

    545,821  1.78

Net profit 
or loss

1,960,691 6.06

Direct materials

Freight in    663,263  2.16

Material, price variance      –5,398 –0.02

Material usage variance 1,489,533  4.85

Standard material cost 6,675,111 21.73

Purchase discounts    –12,806 –0.04

Inventory adjustment    196,020 0.064

Total materials 9,005,723 29.31

Direct labor

Labor rate variance     291,631   0.95

Labor efficiency 
variance

   423,876  1.38

Standard labor cost 2,288,258   7.45

Downtime 1,137,588   3.70

Total labor 4,141,353 13.48

Indirect 
manufacturing 
costs
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Considerable investigation is usually required in order to properly 
assign costs from the P&L to the COQ model categories. For example, not 
all sales returns may be due to quality problems. Some returns might be 
in conjunction with agreements to accept returns of overstocked or slow-
selling merchandise. Only the part of sales returns that is due to defective 
product should be assigned to the external failure category of the COQ 
model. In this case, the investigation determined that 40% of the total 
sales returns was due to defective product (see note 24 in  Example 4.7). 
Example 4.7 shows the assignment of entries from the P&L to the appro-
priate COQ model categories.

Actual 
this year 
($)

% of 
sales

Depreciation 2,856,017   9.30

Safety and insurance     446,501   1.45

MRO supplies    502,765   1.64

Occupancy cost    557,652   1.82

Salary Supervisors    368,519   1.20

Salary (indirect) 1,232,139   4.01

Salary engineer    352,040   1.33

Salary QA    408,366   1.33

Rework labor    604,327   1.97

Repairs 305,817  1.00

Property taxes 789,512 2.57

Utilities 1,255,437   4.09

OH variance 69,650   0.23

FICA, insurance, and 
benefits

1,684,556    5.21

Total indirect 
manufacturing 
costs

11,433,308 35.34

Total 
COGS

24,579,864 75.97
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This COQ model represents a current state model or baseline of the 
division’s quality-related expenditures. Several important pieces of infor-
mation may be determined from Example 4.7:

•	 The	total	cost	of	quality	 for	 this	division	 is	estimated	by	 the	
model at $4,749,871. This is 14.6% of revenues, 19.3% of 
COGS, and 242% of net profit!

•	 Just	4.7%	of	the	total	COQ	expenses	are	for	prevention	activities.	
More than 95% of the expenditures are reactive in nature.

The expenditures on external failure are likely to be understated— per-
haps by a considerable amount.9 Dissatisfied customers who purchase low-
cost consumer items are less likely to complain or return the defective items 
for replacement or refund. They are more likely to simply switch to another 
brand without telling anyone except neighbors and friends. For more expen-
sive consumer items and for commercial items, dissatisfied customers are 
more likely to complain and return defective items for repair or replacement. 
However, in all cases there is usually some loss of customer goodwill, making 
the customer more open to the possibility of switching brands in the future. 
Some companies deal with these uncertainties and impossible-to-calculate 
external failure costs by multiplying the cost of defective product returns by 
some factor based on marketing research. This provides a better estimate of 
the true value of external failure costs for the company. One company uses a 
factor of eight times the actual product return cost because through research 
they found that only about one in eight dissatisfied customers typically com-
plain or return the defective product. So for every returned item, customer 
complaint, or warranty claim, this company determined that seven other 
customers were equally dissatisfied but did not contact the company. The 
loss of customers, the loss of goodwill, and the effect of dissatisfied customers 
telling their friends about their bad experience are estimated by multiplying 
the actual product return cost by the adjustment factor.

Statistics suggest that when customers complain, business owners and 
managers ought to get excited about it. The complaining customer 
represents a huge opportunity for more business.

—Zig Ziglar
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Presumably, the division in Example 4.7 would not be satisfied with 
the magnitude of expenditures due to poor quality revealed by the COQ 
model. What might be some appropriate actions the division could take 
to address these costs?

•	 Analyze	the	causes	of	internal	and	external	failures.	Initiate	
programs to address the most frequently occurring ones and 
set target goals and timetables for improvement.

•	 Recognize	that	less	than	5%	of	their	COQ	expenditures	are	
on prevention activities. Prevention can be viewed as more of 
an investment than an expenditure. Identify the prevention 
activities in which to invest (e.g., provide additional operator 
training, implement statistical process control [SPC], product 
or process redesign) in order to prevent the production 
of defective product. Recognize that the results of these 
investments will not manifest immediately, thereby resulting 
in a short-term increase in COQ followed by a long-term 
reduction as the results of the investments kick in.

•	 Conduct	an	internal	audit	of	the	division’s	quality	
management system. The results of the audit will provide 
input to management about areas of strength and weakness in 
the current system. This enables management to make more 
informed decisions about how to improve.

A quality cost model provides a measurement base for seeing how 
quality improvement is doing.

—Philip Crosby

By making quality costs visible, a COQ model can provide the impe-
tus for significant improvements. It can also serve as a means for tracking 
improvement as shown in Example 4.8.

In Example 4.8, Period 1 represents the baseline or current state 
COQ model for the division. In Period 2, the division has significantly 
increased investment in prevention activities. The result has been that 
additional appraisal is needed and internal failure costs increase as more 
defective products are identified. Overall COQ has increased. In Period 3 



 OTHER INTERNAL COST MODELS 63

the increased investment in prevention activities is beginning to pay off. 
Appraisal and internal failure costs are down substantially and external 
failure costs are down slightly as the new product works its way into the 
downstream supply chain. Periods 4 and 5 show continued improvement 
in all categories and a substantial overall decrease in total COQ. Note, 
however, that prevention costs are still higher than the baseline. Invest-
ment in prevention activities is not a one-time occurrence. Continued 
investment is required in order to hold the gains achieved.

Integration of Multiple Models

While each of the internal cost models discussed can be used on a stand-
alone basis, they are often used in combination. For example, in new 
product and service development, a learning curve cost model might be 
developed, followed by a cost feasibility model using labor cost data for a 
specific point on the learning curve, followed by a breakeven analysis to 
determine the production volume required to break even at that point, 
followed by a crossover model to aid in process selection. All these mod-
els used singly or in combination can be extremely useful in providing 
information vital to decision making in the areas of new product and 
service development, cost reduction, continuous improvement, efficiency 
improvement, and quality system assessment and management. Each type 

Example 4.8. COQ Distribution Over Time



64 BETTER BUSINESS DECISIONS USING COST MODELING

of model is designed for a specific purpose, so selection of the appropriate 
set of models to fit the information requirements is important. And as we 
have said several times to this point, creating a good model does not of 
itself improve anything. It is the actions by management that the model 
facilitates that create the improvement.



CHAPTER 5

External Cost Models for 
Procured Materials

External cost models are developed by purchasing organizations to gain 
insight into supplier costs for procured products and services. External 
cost models are also sometimes referred to as “industry cost models,” 
“projected cost models,” or “Should-cost models.” A strong understand-
ing of supplier costs assists in ensuring the buying organization obtains 
goods/services at competitive pricing, future price fluctuations are based 
on factual cost data, and a mechanism is in place to quantify the cost of 
design or operational decisions on price.

Though many of the internal cost models discussed in chapters 3 and 
4 have been prevalent in the industry for many years, detailed modeling 
of supplier costs is a more recent phenomenon. Competent organizations 
are generally more adept at understanding the cost drivers of their inter-
nally developed products and services. However, when it comes to devel-
oping sources for key products and services to support the core business, 
far less attention has been paid to supplier cost drivers than to prevalent 
market conditions, the availability of the product, and the quality of the 
products and services. With the understanding that supplier cost drivers 
represent a significant part of the procurement decision, many supply 
chain and procurement professionals have been utilizing external cost 
models to improve business intelligence, conduct fact-based negotiations, 
enhance future price predictability, and facilitate strategic contract for-
mulation for the buying organization.

In chapter 2, we discussed how important it is for the modeler to have 
a thorough understanding of financial statement analysis. Though that 
knowledge is necessary for all cost model creation, it is absolutely essential 
when creating external cost models. Unlike internal cost models, external 
cost models often require the builder to assess and utilize many different 
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sources of data, meld them together in a meaningful and accurate manner, 
and draw conclusions relating to potential opportunities. In other words, 
external cost modeling requires a scientific financial approach to what is an 
artful exercise in data consolidation, process mapping, and analysis.

All external cost models must start with a backbone of information. 
Because, as the name implies, external cost models attempt to derive the 
cost of materials or services produced by suppliers external to the orga-
nization, most cost information does not typically reside in the organiza-
tion’s enterprise resource planning (ERP), activity-based costing (ABC), 
or human resource (HR) systems. Pieces of total supplier cost may be 
gleaned from those systems, procurement systems, and contracts, but the 
significant cost gaps that remain must be filled with quality information 
from other sources. The largest gaps are filled hierarchically by utilizing 
income statement information from trusted sources. The source for this 
backbone can vary from supplier 10-K statements, IRS corporate tax 
tables delineated by industry, economic census data for particular indus-
tries, or other credible sources. Several of these sources will be utilized 
in this chapter when creating a procured materials cost model while also 
thoughtfully integrating additional information to provide a more accu-
rate view of cost.

Integrating multiple information sources into useful models is typi-
cally the responsibility of supply chain and procurement professionals 
within the business. The ideal time frame to construct a base cost model 
is prior to entering into a strategic sourcing engagement. This allows for 
an understanding of the cost structures of the business prior to the solic-
itation of proposals and the incorporation of cost elements within the 
questionnaire of any request for information (RFI) or request for pro-
posal (RFP). The cost information received as part of the proposal can be 
utilized to ensure pricing proposals can be reconciled with cost data, that 
the cost information is not largely inconsistent with the supplier’s peers 
in the industry, and as the baseline for all future pricing discussions. This 
allows the buying organization to accurately account for cost elements, 
such as raw material pricing or labor costs, and how the fluctuations of 
those elements impact supplier cost over time.

At the highest level, there are two prevalent types of external cost mod-
els, those developed to understand cost structures for procured materials 
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and those developed to understand cost structures for procured services. 
Though both types of models follow the same methodological approach, 
there are nuances to each, and this chapter focuses on the building and 
use of procured material cost models.

In Chapter 1, Figure 1.1, the high-level cost elements utilized for devel-
oping cost models were broken out. That base structure will be leveraged in 
building the procured material cost models outlined in this chapter.

Procured Material Cost Models

Across a wide-ranging number of customers, procured material may have 
a number of different definitions. For our purposes, we will define pro-
cured material as any tangible good that is purchased. This could range 
from raw materials, such as resin, steel, or commodity chemicals, to large 
capital equipment, such as gas turbines and ocean vessels. The methodol-
ogy remains largely the same regardless of the procured material being 
modeled, only the complexity and depth of the model might differ.

The best way to illustrate the manner in which to build and utilize 
a procured material cost model is to actually build one. We will use 
 Example 5.1 to walk through how to use external procured material cost 
modeling to assist a procurement professional make better decisions.

Example 5.1. Corrugate Price Increase

A new category manager of logistics services was hired by a large spe-
cialty apparel company, DEF Body, to introduce and utilize world-
class strategic sourcing tools and techniques. While conducting a 
spend analysis of his category early in his tenure, he recognizes the 
corrugated box product category, with nearly $10 million of spending 
annually, was escalating at an alarming rate. During the course of his 
contract analysis, he discovers the category was competitively bid a 
little more than 3 years previously with the incumbent supplier win-
ning the business, and that there are nearly 2 years remaining on the 
existing nonexclusive agreement. The new category manager finds that 
the pricing of the specified corrugated boxes was tied entirely (100%)
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The scenario outlined in Example 5.1 is not a unique one. Often sup-
ply chain professionals are asked by their supervisors or the business they 
support to provide assurances that pricing remains competitive. An anal-
ysis of the changes in raw material prices does not sufficiently answer the 
question of whether pricing is competitive. Creating a procured material 
cost model can provide insight into whether present pricing remains as 
cost competitive as when originally contracted. As we develop this case 
study to create the procured material cost model, we will follow the se-
quential steps outlined in this chapter.

to a published index from Resource Information Systems, Inc. (RISI) 
for the two major raw material components (linerboard and medium). 
This indexing clause seems unusual to the category manager, and he 
wonders if this might be the cause for the sharp price increases. With 
an upcoming meeting on this subject already scheduled with members 
of his leadership team, the category manager seeks to model the sup-
plier costs to arrive at some answers.

Derive Direct
Materials

Derive Direct
Labor

Finalize the
Cost Model

Create Cost
Model Backbone

Apply the
Model

Figure 5.1 Steps in creating a procured material cost model

Creating the Cost Model Backbone

The first step in creating the procured material cost model for corrugated 
boxes is to find a credible source to utilize as the backbone for the cost 
model. In this case the corrugated box company is publicly traded, thus 
their financial data are easily obtainable for review. However, the company 
is a conglomerate with significant business interests unrelated to corrugated 
boxes, which can compromise the credibility of the model for the specific 
industry if used as is. Conducting a search of all the large publicly traded 
corrugated providers shows that all are conglomerates with significant rev-
enue in other unrelated businesses, so financial information reported pub-
licly would not be specific to the industry segment of interest. Rather than 
discard this information altogether, the annual reports and 10-Ks are useful 
in gaining intelligence about trends, forecasts, and general market condi-
tions in the corrugated segment. With specific industry income statement 



 ExTERNAL COST MODELS FOR PROCURED MATERIALS 69

detail unavailable on 10-K forms, the next best option is to use economic 
data obtained from census databases for the corrugated industry.

The economic census is a fantastic resource for gaining insight into a 
particular industry’s cost structure. Every 5 years the U.S. Census Bureau 
conducts extensive surveys of businesses across industries (classified using 
the North American Industry Classification System [NAICS]) and geo-
graphic locations collecting income statements, balance sheets, and other 
operating information. Additionally, the U.S. Census Bureau conducts 
the Annual Survey of Manufacturers that encompasses a smaller sampling 
of companies for more current detail. The Annual Survey of Manufactur-
ers does not always have the same level of industry specificity (full six-
digit NAICS) as the 5-year survey. Unfortunately, that was the case with 
corrugated boxes, so to ensure we capture the costing information for the 
specific industry of our interest, we elect to utilize the 5-year survey infor-
mation as the backbone on which to build the cost model.

After downloading the industry information from the U.S. Economic 
Census for NAICS code, 322211-corrugated and solid fiber box manufac-
turing, a decision needs to be made about whether to utilize only the census 
data for the backbone or to integrate it with other informational sources. 
This is where a strong understanding of income statements and balance 
sheets comes into play. If the decision is to utilize the census data alone, 
the modeler must have a strong grasp of which financial lines represented 
in the data are balance sheet items and which are income statement items. 
Mischaracterization of those financial lines can distort the output of the 
model, so as a sanity check it is highly recommended to reference at least 
one additional secondary source. Some of the more common secondary 
sources the modeler can reference are IRS tax statistics, RMA Annual State-
ment Studies, Dun & Bradstreet’s Industry Norms & Key Business Ratios, or the 
Almanac of Business and Industrial Financial Ratios. Of those references, the 
IRS tax statistics are available online and free of charge, whereas the other 
publications require a subscription or trip to your local library to access.

To make the decision of whether to solely utilize the census data, the 
modeler should consider the age of the information gathered. The census 
data in this example was obtained from a survey that was published two 
years prior to current day for a period 4 years ago, and the cost modeler 
is trying to model the costs for running this business today. Note that 
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economic census data published every 5 years is outdated by 2 years by 
the time it is publicly available.

Certain information from the economic census must be utilized as 
few other detailed sources exist. The specific direct materials and the di-
rect labor components are two pieces of information that are best acquired 
from the economic census. Overhead or indirect cost is not a figure that 
can be derived from the economic census data as readily, which makes 
gross profit incalculable; however, you can lump all the remaining ex-
pense items; sales, general, and administrative (SG&A) costs; and other 
expenses together to derive net profit for the census year.

Another method that may be utilized to bring expenses data up-to-
date and to have a clearer understanding of cost of goods sold (COGS) 
and gross profit is to utilize additional data sources. Several secondary 
sources are available, but one of the best and most current is the Risk 
Management Association’s Annual Statement Studies. This source is up-
dated annually through the membership of thousands of financial institu-
tions and is broken out by NAICS codes, similar to the economic census. 
From this publication gross profit, operating expenses, nonoperating ex-
penses, and net profit are provided as a percentage of revenue. Example 
5.2 illustrates how this information is merged to create the procured ma-
terials cost model backbone.

Example 5.2. The Backbone Cost Model

All economic census dollar figures are represented in thousands of dollars.
Backbone Model
Revenue
Direct Material
Direct Labor
Overhead
Operating Expenses
All Other Expenses
Net Profit Before Taxes

Total Value of Shipment
Materials, Parts, Containers, Packaging, Etc, Used
Production Worker Wages
Annual Payroll minus Production Worker Wages
Total Fringe Benefits
Resales
Cost of pure fuels
Purchased electricity
Contract Work
Total depreciation
Total rents
Total other expenses
Rpr svcs bldgs/mach
Communivation services
Legal services
Actg, aud & bkpg svcs
Adver & promo svcs
Comp hdware/purch svs
Refuse rem svcs
Mgmt & admin svcs
Taxes & license fees
All other expenses

Net Profit Before Taxes

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

$

29,514,919
17,092,335

2,770,299
1,861,555
1,154,695

849,860
174,234
234,680
134,319
850,911
447,508

1,555,213
303,119
54,294
16,559
17,472
66,007
27,755
22,227
26,239

142,168
879,352

814,098

100%
57.91%

9.39%
6.31%
3.91%
2.88%
0.59%
0.89%
0.46%
2.88%
1.52%
5.27%
1.03%
0.18%
0.06%
0.06%
0.22%
0.09%
0.08%
0.09%
0.48%
2.98%

2.76%

100.00%
57.91%

9.39%
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Revenue, direct material, and direct labor are utilized from the eco-
nomic census. The other income statement fields from the economic 
census are grayed and crossed out to indicate lack of use in this ex-
ample in favor of more current data from another source.

Revenue
Direct Model
Direct Labor
Overhead

Net Profit Before Taxes

100.00%
57.91%
9.39%
7.10%

2.40%

100.00%

Backbone Model

C
O

G
S

74.40%

Net Sales

Gross Profit

22.10%
1.10%
2.40%

Operating Expenses
All Other Expenses
Net Profit Before Taxes

25.60%

SG&A 23.20%

Base Year Annual Statement Studies
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Operating expenses and all other expenses from the Annual State-
ment Studies are combined and mapped to the SG&A expenses in 
our backbone cost model structure. Net profit before taxes is directly 
transferable to the backbone model from the economic census data; 
however, some calculation is required to translate gross profit percent-
age from the RMA’s Annual Statement Studies publication into an over-
head value in the backbone model. As discussed in chapter 1, COGS 
= direct material + direct labor + overhead. Because direct labor and 
direct material are “knowns” from the economic census data, the value 
for overhead can be calculated utilizing simple algebra

Revenue − Gross Profit = COGS.

First we need to translate gross profit of 25.60% from RMA’s An-
nual Statement Studies to COGS. To do this we follow the previous 
formula to get the following results:

100.00% − 25.60% = 74.40%

Now that COGS is known to be 74.40%, we can solve for the 
value of overhead following simple algebraic principles:

COGS = Direct Material + Direct Labor + Overhead

COGS represented in algebraic form for this example follows, 
where “X” is the unknown value of overhead:

74.40% = 57.91% + 9.39% + X
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The backbone of the model is sound, but the direct material and direct 
labor components are dated figures compared to the information obtained 
from the RMA Annual Statement Studies. Although updating these figures 
will have no impact on the COGS components as a whole, since that 
is current information from the RMA Annual Statement Studies, it will 
provide valuable insight into the impacts of each on total cost of product. 
Remember, in this instance 100% of the buying company’s price is deter-
mined by the fluctuation in linerboard and medium, so understanding the 
material cost component is of large importance. In order to bring those 
values current, the combination of economic census data, Bureau of Labor 
Statistics data, and a third-party trade group can be utilized.

Derive Direct Material Costs

The economic census provides a report by manufacturing sector called 
“Materials Consumed by Kind by Industry.” This report contains the 
dollar values of basic materials consumed in performing a particular 

In order to solve for overhead, the equation needs to be rebalanced:

−Overhead = −COGS + Direct Material + Direct Labor

Then plug-in the numeric values and solve for “X.”

 −Overhead = −COGS + Direct Material + Direct Labor

  −X = −74.40% + 57.91% + 9.39%

  −X = −7.10%

 X =   7.10%

Inserting the overhead value into the backbone model will yield the 
following high-level results for the backbone of the cost model.

Revenue 100.00%

COGS

Direct material 57.91%

74.40%Direct labor 9.39%

Overhead 7.10%

SG&A 23.20%

Net profi t before taxes 2.40%
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business. For our example, Figure 5.2 illustrates the data available from 
the economic census.

In procured material cost modeling, the information from the eco-
nomic census is extremely important in order to be able to accurately 
extrapolate present-day costs. In this case there are eight components (in-
dividual material/fuel codes) of cost for corrugated and solid fiber box 
manufacturing. Since the material/fuel code column represents four year-
old costs, a method is needed to extrapolate these costs to the present day. 
One manner in which these materials can be brought to current-day costs 
is through the use of the Producer Price Index (PPI), available through 
the Bureau of Labor Statistics (BLS). All the material/fuel codes begin-
ning with the number “3” relate to NAICS industry codes that the PPI 
reports on monthly. For the last two material/fuel groups, the modeler 
has to use personal discretion when extrapolating. It should be noted that 
the modeler has the option of choosing PPI industry data or PPI com-
modity data. The industry data series is tied to NAICS code industry of 
origin and thus is easy to extrapolate to the material/fuel code provided in 
the economic census data. The commodity data series is tied to the end-
use or material composition of the product produced, but the coding is 
not tied to the origin industry or NAICS system.

Data presented in the PPI are searchable by NAICS industry code or 
key word. In Figure 5.3 an example of the PPI data for paper and paper-
board is provided for one of the material/fuel codes of interest in creating 
the corrugated box procured material cost model.

The data represented in Figure 5.3 must be collected for each of the 
material/fuel codes for the category being cost modeled. Though the ma-
terial/fuel code provides some directional guidance in regard to the best 
PPI industry data series to choose, the modeler has to utilize knowledge 

Material/Fuel code
900001

32210005
32610021
33120016
33131503
33211500
32410009
32552002
32591003

970099
971000

Meaning of Material/Fuel code
Total materials
Paper and paperboard (excluding boxes and containers)
Fabricated plastics products (closures, ends, film, etc.)
Steel sheet and strip (including tinplate)
Aluminum sheet, plate, and foil
Metal closures and crowns for containers
Petroleum wax
Glues and adhesives
Printing inks
All other materials/components/parts/containers/supplies
Materials, ingredients, containers, and supplies, nsk

Delivered cost ($1,000)

D
D

17,068,741
13,351,764

117,036
12,427

76,296
276,984
140,466

1,240,975
1,844,160
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Figure 5.2 NAICS 322211-corrugated and solid fiber box 
manufacturing1
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of the category to select the “best fit” for the category being modeled. 
In Figure 5.3, the PPI series ID PCU322130332130 relates directly to 
NAICS code 322130, paperboard mills. The material/fuel code from the 
economic census was represented as 32210005. NAICS codes are only 
six digits in length, so the economic census number of 32210005 should 
be shortened to 322100; however, two zeros at the end of the six digit 
NAICS string indicates that only a four-digit level of detail is provided 
from the economic census. So the modeler must begin with the first four 
digits from the economic census and then decide which full six-digit 
NAICS code best fits what the cost model is designed to represent.

Once all the information is collected for each of the material/fuel 
codes, the percentage change from the period the economic census data 
was collected to the present day must be determined. To calculate the per-
centage change for each material/fuel code PPI series, the annual values 
highlighted in Figure 5.4 are utilized via the following formula:

Current Year Annualized Value 2 Base Year Annualized Value
Base Year Annualized Value

= Percentage Change

213 0 179 7
179 7

18 53
. .
.

. %
− = .

For the last two material/fuel codes from the economic census data, no 
single PPI industry series will provide time series differences, so the mod-
eler must choose a method. One approach that will be utilized here is to 
assume the change mimics Consumer Price Index (CPI) Inflation. The 
CPI is not as applicable for costing purposes as the PPI for commercial 
products but often is the best approximation when better data are unavail-
able. The CPI Inflation Calculator is available from the BLS and allows 
for the calculation of a dollar value in a base year to the current year for 
this example. The inflation rate between those four years is reported as 
12%, and that value is utilized for those mixed materials.

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Base Year 
(BY)

179.4 179.2 177.7 178.0 176.1 176.1 177.4 181.7 182.3 182.7 183.0 182.1 179.7

BY+1 182.4 183.0 180.4 180.3 180.4 180.1 179.1 182.0 179.7 179.0 178.9 179.0 180.4
BY+2 176.7 176.4 176.6 182.5 185.0 190.0 196.2 198.8 199.1 199.7 200.3 200.0 190.1
BY+3 200.2 200.5 200.6 201.3 201.6 197.2 195.8 188.7 188.5 189.1 196.0 195.4 196.2

Current 
Year 197.2 205.5 205.0 205.1 216.0 216.9 217.4 217.8 218.1 218.6 219.4 218.5 213.0

Figure 5.3 PPI data paper and paperboard
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Once all the material prices are extrapolated to the current year for this 
example, the total material cost differences between those years can be de-
termined. Figure 5.4 provides an illustration of all material costs extrapolated.

As Figure 5.4 indicates, material costs for the products produced in 
the corrugated manufacturing industry increased by 17.28% over the four 
year period. A decision needs to be made here about whether to utilize 
this information from the PPI and CPI solely or to consult an additional 
source for particular materials. Because paper and paperboard constitutes 
greater than 78% of the total material cost for manufacturing a corrugated 
box, the accuracy of that raw material component in particular is crucial 
to the integrity of the cost model. If a trusted source with more specificity 
is available in place of the more generic PPI index in this instance, then 
the degree of change from that source can be used instead of the PPI data. 
Example 5.3 allows us to continue following the category manager in his 
analysis of his category and construction of this cost model.

Example 5.3. Extrapolate Material Pricing to Present-day

The category manager for logistics services now has constructed his 
backbone cost model and extrapolated the costs of direct materials 
from base year to the current year using the economic census data 
adjusted utilizing PPI and CPI data. As he reviews the raw materials 

Figure 5.4 Extrapolated material costs

Material/Fuel 
code

Meaning of Material/
Fuel code

Base Year 
Delivered 
cost ($1,000)

PPT Series ID 
(Industry Data)

Current Year 
Escalator 
Multiplier

Escalated 
Material

Total Mat’l 
Increase %

900001 Total materials 17,068,741 N/A N/A 20,017,808 17.28%

32210005

Paper and paperboard 
(excluding boxes and 
containers) 13,351,764 PCU322130322130 1.185 15,825,964

32610021

Fabricated plastics 
products (closures, ends, 
film, etc.) 117,036 PCU326112236112 1.110 129,910

33120016
Steel sheet and strip 
(including tinplate) 12,427 PCU3312213312211 1.393 17,313

33131503
Aluminum sheet, plate, 
and foil D N/A N/A

33211500
Metal closures and 
crowns for containers D N/A N/A

32410009 Petroleum wax 76,296 PCU324191324191 1.534 117,015
32552002 Glues and adhesives 276,984 PCU325520325520 1.177 326,090
32591003 Printing inks 140,466 PCU325910325910 1.041 146,166

970099

All other materials/
components/parts/
containers/supplies 1,240,975

CPI Inflation 
Calculator 1.120 1,389,892

971000

Materials, ingredients, 
containers, and 
supplies, nsk 1,844,160

CPI Inflation 
Calculator 1.120 2,065,459
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with the most impact on cost, he realizes that paper and paperboard 
constitute greater than 78% of the material costs to manufacture the 
product in the base year. He then calculates the cost impact of paper 
and paperboard materials on the manufacturing of corrugated boxes.

The results of this calculation and the escalation of costs for paper 
and paperboard products since the contract was executed validates his 
belief that tying price 100% to the major raw materials (linerboard 
and medium) is not the best method to ensure sustainable price com-
petitiveness. His tentative conclusion at this point in the analysis is 
that the contract price should not be tied 100% to the fluctuations 
of linerboard and medium, but those components should have only 
influenced the cost by a calculated 45.30% in the base year.

To further ensure that his model around material costs is accu-
rate, the category manager compares the percentage increase of the PPI 
paper and paperboard products to the contractually stipulated index, 
RISI Pulp and Paper.

He discovered that prices from base year remained relatively stable, but 
beginning in the year after the contract award, a large increase in material 
costs was clearly evident in both indices. The large differences the category 
manager is seeing between the PPI data and RISI Pulp and Paper raises 
a further question in his mind as to which index more accurately reflects 
actual cost fluctuations in the marketplace. With further research, he de-
cides the RISI index is the superior benchmark to utilize as it is a trusted 
source and provides specific linerboard and medium raw materials price 
fluctuation data. With DEF Body having pricing tied 100% to the liner-
board and medium costs, he knows the nearly 50% increase in pricing his 
company has experienced since contract execution is excessive based on his 
preliminary analysis of the impact of raw materials on manufacturing cost. 
However, he knows he needs to bring all cost elements from the economic 
census current (from base year to current year) in order to fully understand 
the delta between supplier costs and DEF Body’s pricing since the bid.

 Raw materials 3 Paper & paperboard % 5 
Percentage impact of paper & 

paperboard on manufacturing cost

 57.91 3 78.22 5 45.30%
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Now that the category manager for logistics services has decided upon 
a different index, replacement of the PPI index information for paper and 
paperboard with the RISI index information for linerboard and medium is 
necessary. The category manager had learned from published information 
that the typical mixture between linerboard and medium is 75% linerboard 
and 25% medium, which corresponds to how the contract calculated price 
was adjusted for fluctuations in those two areas. The next step is to apply 
that percentage to his material costs table and update the escalator multiplier 
based on the RISI data. As he expected this exercise shows a marked increase 
in total material costs (39%) since the base year, as illustrated in Figure 5.5.

These new calculated figures will enhance the accuracy of the COGS 
section for the backbone of the cost model and provide necessary intel-
ligence as to how commodity price fluctuations should impact pricing in 
the future. After the direct labor component is extrapolated to the pres-
ent day, the method to revise the backbone of the cost model with the 
updated information will be shared later in this chapter.

Derive Direct Labor Costs

Now that all the materials have been extrapolated to the present day in the 
cost model, the direct labor component of the model needs to be updated 
to complete the revised procured materials industry cost model. The pri-
mary source of the information will originate from the BLS Occupational 
Employment and Wage Estimates; however, the economic census provides 
a needed check point to mitigate any faulty assumptions.

*BY = Base Year, BY1 = Base Year + 1, etc.
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The BLS Occupational Employment and Wage Estimates is a power-
ful resource for understanding labor costs in any industry represented by 
NAICS codes. This information is published at least once annually and 
provides occupational data by job classification with additional details for 
each classification such as total employees, hourly wages, annual wages, 
and wages by percentile. To understand the differences from the baseline 
year to the current year (in the example), the annual figures for both years 
must be downloaded and analyzed.

The BLS represents the data by industry (NAICS code), but never in 
the full six-digit NAICS code. However, between the four-digit and five-
digit NAICS codes, it does provide sufficient data to understand the wage 
trends in a particular industry. For the corrugated box cost model, the four-
digit NAICS code 322100 details are utilized to understand labor and wage 
trends. Figure 5.6 provides a representation of some of the figures available 
from the BLS Occupational Employment and Wage Estimates.

Figure 5.6 illustrates a sampling of the labor classifications available, 
but the classifications of primary interest in cost modeling are those attrib-
utable to direct labor. Understanding what labor classifications comprise 

Figure 5.5 Escalated material costs

Material/Fuel 
code

Meaning of Material/
Fuel code

Base Year 
Delivered 
cost ($1,000)

PPT Series ID 
(Industry Data)

Current Year 
Escalator 
Multiplier

Escalated 
Material

Total Mat’l 
Increase %

900001 Total materials 17,068,741 N/A N/A 23,725,809 39.00%

32210005

Paper and paperboard 
(excluding boxes and 
containers) 13,351,764

32210005

Paper and paperboard 
(excluding boxes and 
containers) 10,013,823 RISI Linerboard 1.451 14,527,053

32210005

Paper and paperboard 
(excluding boxes and 
containers) 3,337,941 RISI Medium 1.500 5,006,912

32610021

Fabricated plastics 
products (closures, ends, 
film, etc.) 117,036 PCU326112236112 1.110 129,910

33120016
Steel sheet and strip 
(including tinplate) 12,427 PCU3312213312211 1.393 17,313

33131503
Aluminum sheet, plate, 
and foil D N/A N/A

33211500
Metal closures and 
crowns for containers D N/A N/A

32410009 Petroleum wax 76,296 PCU324191324191 1.534 117,015
32552002 Glues and adhesives 276,984 PCU325520325520 1.177 326,090
32591003 Printing inks 140,466 PCU325910325910 1.041 146,166

970099

All other materials/
components/parts/
containers/supplies 1,240,975

CPI Inflation
Calculator 1.120 1,389,892

971000

Materials, ingredients, 
containers, and supplies, 
nsk 1,844,160

CPI Inflation
Calculator 1.120 2,065,459
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direct labor is not difficult to discern. The Standard Occupational Codes 
(OCC) utilized by the BLS are provided at both a detailed and high level. 
The simplest manner to determine the direct labor component is to filter 
the OCC Code column for codes beginning with “49” and “51.” OCC 
Codes that begin with “49” are all the installation, maintenance, and repair 
occupations, while “51” are all the production occupations for the industry 
and equate roughly to the direct labor component being modeled. In some 
instances you may selectively choose the occupations within the industry 
for use in the direct labor component, but whichever method is chosen 
should have a cross-check with the economic census data. Referring back 
to the economic census data, the production workers’ wages constituted 
60.37% of the total wages for the industry. When reviewing the base year 
BLS occupational data and narrowing labor based on the OCC codes that 
begin with “49” and “51,” the labor classifications in the OCC codes com-
prises 59.97% of the wages for the industry. With these figures being this 
close, confidence is gained about the integrity between the two sets of data, 
and it provides a good audit point for ensuring the accuracy of the model. 
See Figure 5.7 for further details on these calculations.

OCC Code OCC Title Total Emp’s Percent
Total

Annual
Mean

Annual 25th
&tile

Annual
Median

Annual 75th
%tile

00-0000 Industry Total
Management Occupations
Chief Executives
General and Operations Managers
Advertising and Promotions Managers
Marketing Managers
Sales Managers
Public Relations Managers
Administrative Services Managers

161,030
5,950

150
1,000

30
100
320
30

200

100.00
3.69
0.09
0.62
0.02
0.06
0.20
0.02
0.12

43,110
92,460

166,070
114,110
100,890
110,970
98,120
70,810
91,460

30,970
66,940

115,450
82,820
66,540
78,950
71,170
49,330
59,770

39,960
87,390

106,840
113,370
111,060
91,980
71,060
85,270

51,680
111,790

138,630
143,410
140,300
116,300
91,740

121,610

11-0000
11-1011
11-1021
11-2021
11-2021
11-2022
11-2031
11-3011
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Figure 5.6 BLS wage data by industry

OCC Code
00-0000

49-0000
51-0000

Total Direct Labor            Industry Total      =       Percent of Total Labor

       4,163,352,800            6,942,003,300     =                   59.97%

OCC Category Title
Industry Total

Installation, Maintenance, 
and Repair Occupations
Production Occupations
Total Direct Labor

Total Emp’s Annual Mean Wage Total Payroll
161,030 X

X
X

43,110 6,942,003,300

1,0821,079,800
3,081,273,000
4,163,352,800

47,170
38,540

22,940
79,950

=

=
=

     Production workers, nonleased               Annual payroll      Percent of Total
        employees wages  (1,000)    (1,000)               Labor

        2,817,454              4,667,010          =             60.37%

 =

Base Year BLS Occupational Employment and Wage Estimates Calculations:

Base Year Economic Census Calculations:
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Figure 5.7 Validated wage data
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Once there is confidence that the direct labor components have been 
identified, fluctuations between the base year and the current year need 
to be calculated and compared for updating the cost model. Were we to 
have identified direct labor by occupational title, we would need to track 
fluctuations across each occupational title; however, since it was decided 
that the major OCC categories of production and installation, mainte-
nance, and repair occupations were sufficient, a comparison of total wages 
for those categories across years will provide the needed information.  
Figure 5.8 illustrates the comparison and wage fluctuation calculation.

Finalize the Cost Model

All the steps have now been completed to extrapolate costs for direct materi-
als and direct labor to bring the costs to the current year from the base year. 
The final step is to apply the updated analysis to the backbone cost model last 
shown in Example 5.2 to have a more accurate representation of the industry.

Figure 5.8 Wage comparison and fluctuation calculation

Base Year

OCC Code OCC Category Title
Annual 

Mean Wage
Total 

Employees
Total Annual 
Direct Wages

49-0000
Installation, maintenance,  

and repair occupations $47,170 × 22,940 = $1,082,079,800

51-0000 Production occupations $38,540 × 79,950 = $3,081,273,000
$4,163,352,800

In the base year there were nearly one hundred and three thousand employees in direct labor 
that constituted nearly $4.2 million in expenses.
Current Year

OCC Code OCC Category Title
Annual 

Mean Wage
Total 

Employees
Total Annual 
Direct Wages

49-0000
Installation, maintenance,  

and repair occupations $51,130 × 20,190 = $1,032,314,700

51-0000 Production occupations $42,210 × 69,130 = $2,917,977,300
$3,950,292,000

For the current year there are only a little over eighty nine thousand employees in direct labor 
accounting for a little less than $4.0 million in expenses. This could be for a myriad of reasons 
like industry consolidation, greater automation, or industry downturns; however, regardless of 
the reason, we can equate total employees and annual wages into total direct cost differences 
between the base year and current year.

Despite direct labor wages having increased from the base year to the current year, the total number of 
direct employees decreased, which resulted in a reduction in direct labor of 5.12% for the current year.

Base Year Direct Labor Wages

(Current Year Direct Labor Wages − Base Year Direct Labor Wages)

$4,163,352,800

($3,950,292,000 − $4,163,352,800)
= −5.12%
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Figure 5.9 Updated cost model

Direct material and direct labor costs must be multiplied by the inflation multiplier to 
extrapolate to present-day (Current Year) costs.

Fluctuation 
Multiplier

Base year 
costs

Extrapolated 
current year 

costs
Direct Cost 

Increase

Direct Material 1.3900 × 17,092,335 = 23,758,346

Direct Labor 0.9488 ×  2,770,299 =  2,628,460

19,862,634 26,386,805 6,524,171

Once the direct material and direct labor costs are known, the difference of those costs 
from base year must be added to the revenue for the industry.

Base Year Revenue Current Year Increase Current Year Revenue

29,514,919 + 6,524,171 = 36,039,090

With the new revenue extrapolated, now the direct materials and direct labor must be  
re-calculated as a percentage of revenue to complete the finalized model.

Backbone Model

Revenue 36,039,090

C
O

G
S

74.40%
Direct Material 23,758,346 65.92%
Direct Labor 2,628,460 7.29%
Overhead
SG&A 8,361,069 23.20%
Net Profit Before Taxes 864,938 2.40%

Note that the percentage of COGS, SG&A and net profit before taxes remain unchanged 
as they are direct from RMA Annual Statement Studies for current year. Overhead, 
however, was a calculated field based on imprecise data from the base year Economic 
Census integrated with the current year RMA Annual Statement Studies. Since the 
COGS figure for current year is a “known” from that publication, the overhead percentage 
needs to also be re-calculated.
 −Overhead = −COGS + Direct Material + Direct Labor
  −x = −74.40% +    65.20% +   8.30%
  −x =  −1.18%
  −x =     1.18%
With the last unknown of overhead now calculated, the current year cost model for 
corrugated manufacturing looks like the below.

Backbone Model

Revenue 36,039,090

C
O

G
S

74.40%
Direct Material 23,758,346 65.92%
Direct Labor 2,628,460 7.29%
Overhead 426,278 1.18%
SG&A 8,361,069 23.20%
Net Profit Before Taxes 864,938 2.40%
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When viewing the updated cost model from the current year com-
pared to the base year, the main item that really stands out is the impact 
of direct materials on the overall cost structure and the revenue stream 
for the industry. As one would expect, as raw material pricing increases 
dramatically, so must pricing to ensure rising costs are accounted for to 
maintain expected margins. With the completed backbone model in 
hand, the category manager for logistics services now needs to integrate 
information specific to his company’s corrugated boxes into the model.

Apply the Cost Model

The completion of the backbone cost model is a big step to begin devel-
oping a strategy to reduce cost, but by applying the model to the business’ 
specific product provides greater leverage. This process begins with iden-
tifying a point in time where pricing was competitive. For the purposes 
of this example, the competitive point in time was December of the base 
year, when a bid event was completed.

Linerboard and medium play the largest single role in the pricing of cor-
rugate, so that is a good place to begin the analysis. In December of the base 
year the price per carton was $0.478. Since that period of time, the pricing 
had risen by 46.24% to $0.699/carton in the current year. Remember that 
linerboard constitutes 75% of the raw material cost and medium constitutes 
25%, as stipulated in the contract. Applying those percentages to the price 
increases in linerboard and medium over that same time period validates that 
the rate increase is applied according to the terms of the contract.

When comparing the backbone cost model from the base year to the 
current year, the only areas of significant difference are in direct material and 
direct labor. As calculated in Figure 5.9, the cost of materials and labor (in 
thousands) increased $6,524,171. That increase was then added to the base 
year U.S. Economic Census revenue figure to derive a current year revenue 
figure. When dividing the economic census revenue reported by the cost ma-
terials and labor increased, the cost justified price increase can be calculated.

6,524,171 ÷ 29,514,919 = 22.10%

An increase of 22.10% since the base year can be justified based on 
the updated model.
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Example 5.4. Using the Model to Derive Value

The category manager is ready to present his findings and recommen-
dations for the strategic approach to his leadership team. In the meet-
ing with his director and the logistics leadership team, he shares the 
quick ascent in corrugated pricing the company has seen versus what 
his analysis shows is indicative of real cost increases. Further, he dis-
plays a chart to leadership that quantifies the magnitude of the annual 
opportunity in this space.

The category manager for logistics services explains to the lead-
ership team that though there are definitive market pressures that 
are pressing their prices to historic highs, the market pressures 
alone are not responsible for the inflated prices DEF Body is expe-
riencing. A faulty pricing model combined with the skyrocketing 
costs in linerboard and medium have made DEF Body’s once com-
petitive price evaporate into a margin bonanza for the corrugate 
supplier.

Example 5.4 illustrates how the category manager for logistics ser-
vices utilizes this applied cost model information to derive value for his 
organization.
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The case study on corrugated boxes is based on a real application of 
the procured materials cost model for a major specialty retailer. Though 
the names were changed, this retailer was able to garner substantial sav-
ings through the use of the cost model output in negotiations. Ultimately, 
the incumbent supplier could present no facts to refute the findings of the 
cost model and actually admitted that margins had increased under the 
existing pricing model. Between the facts of the model and the threat of 
a bid, the incumbent supplier did lower their prices to be in alignment 
with what the model justified. Additionally, the incumbent supplier did 
agree to adopt a pricing model very similar to the cost model constructed 
to determine the go-forward price. Lastly, some credit dollars were given 
to DEF Body in the form of a sign-on bonus in partial compensation 
for the previous flawed price structure. Because of the cost model, these 
negotiations were conducted based on verifiable facts.

In discussing strategic next steps, he recommends that the initial 
approach be a negotiation with the company’s incumbent corrugate 
box supplier with the following goals:

1. Negotiate the price to be more in line with what supplier costs 
have actually increased (22.10%)

2. Develop a more accurate pricing model based on the findings of 
this cost modeling exercise

3. Amend the contract to utilize the cost model to ensure future 
price adjustments reflect actual cost fluctuations

4. Attempt to recoup some of the costs incurred as a result of the 
faulty existing pricing model

In the event the incumbent supplier does not negotiate in good 
faith to bring costs into greater alignment, the category manager 
recommends bidding the business with a clear focus on gathering 
a competitive price while ensuring the pricing model for the future 
aligns with supplier cost outlays. The leadership team endorses the 
strategic approach and expresses their interest in learning of the final 
outcome.
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Conclusion

This chapter has discussed the in-depth development and use of procured 
material cost models. These models are powerful tools and understanding 
how to create and utilize them will assist any organization with ensuring 
cost competitiveness in material purchases. Procured material cost models 
can be further enhanced by integrating specific information regarding the 
material the organization is buying into the fold to increase the validity 
of the model for its intended use. For example, the category manager 
could have increased the specificity of his company’s product model had 
he gathered additional information about his company’s own boxes and 
how they related to the raw material consumption. Were the category 
manager to discover the number of boxes that could be created per ton 
of linerboard and medium, he could have utilized those figures to specifi-
cally model the cost for that specific box based on yield. That information 
is not something he can easily obtain without discussions with the sup-
plier, which can be collected either via conversations, site visits, or RFIs 
and RFPs. The case study in chapter 6 will introduce how the bidding 
process may be used to enhance the accuracy and value of cost models in 
the competitive process for procured services. Those same principles can 
be applied for procured materials as well.





CHAPTER 6

External Cost Models for 
Procured Services

Errors using inadequate data are much less than those using no data 
at all.

—Charles Babbage

As discussed in chapter 5, external cost models are developed by a procure-
ment and supply chain organization to gain insight into supplier costs for 
procured materials and services. Chapter 5 focused on the development and 
use of procured material cost models to ensure costs are competitive and 
discussions are based on factual data. This chapter will focus on the other 
prevalent external cost model type, procured service cost models.

Though procured material and procured service cost models utilize 
many of the same principles to create and apply them with suppliers, 
there are some differences we will discuss in this chapter. Additionally, 
through the example explored in this chapter, we will integrate the indus-
try cost model data with the company-specific operations data to increase 
the model’s accuracy. Lastly, we will explore how external cost models can 
be integrated into the strategic sourcing process to attain maximum value 
by using the procured service example in this chapter.

Procured Service Cost Models

Procured service cost models are utilized to understand the cost struc-
tures of any third-party service providers. These can range from services 
as simple as janitorial to the complexity of specialized engineering. The 
construction of these cost models is approached in the same basic manner 
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as for procured material cost models and for the same purposes: to ensure 
that pricing is based on actual cost outlays with a fair profit margin.

To illustrate the value of constructing procured service cost models, 
we will use a real example of how one was utilized in a strategic sourcing 
initiative on bulk haul trucking. This example will show the real power 
of utilizing cost models early in the process and throughout to garner 
the greatest value. The example used throughout this chapter is based on 
one of the author’s experiences and introduces the procured service to be 
modeled.

Example 6.1. LMN Energy Trucking Costs

One of the first assignments for the new strategic sourcing manager 
for LMN Energy is to assist the supply chain organization deal with 
the escalating bulk trucking costs of petroleum coke from one of the 
refineries. His role on the project team will be to facilitate the entire 
strategic sourcing process in this category to derive the best value for 
the enterprise.

In conducting his initial analysis of contract structure, the strategic 
sourcing manager discovers that the existing contract pricing is based 
on a fixed dollar amount per ton with fuel built in at $1.25. If diesel 
fuel prices rise above $1.25, a separate fuel surcharge mechanism is 
utilized to compensate the carrier for those fuel fluctuations. Analyz-
ing the spend, the strategic sourcing manager finds that presently, over 
$11 million is spent trucking 420,000 tons of petroleum coke from 
the refinery to the port terminal. Burdened with rate and fuel costs, the 
refinery is paying $25.20/ton to ship the petroleum coke 61 miles one 
way. With his first thought for improvement being a cheaper mode of 
transportation, he quickly discovers that the rail capacity at the refin-
ery is limited, so trucking is the only available option until a railroad 
spur expansion can be funded and built.

The strategic sourcing manager knows a key part of the strategic 
sourcing process is a thorough understanding of the costs of the prod-
uct or service being sourced, so he begins constructing an industry-
procured service cost model using the process in Figure 6.1. 
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Create the Cost Model Backbone

The first step in developing a procured service cost model is no different 
than with the procured material cost model: Identify a backbone resource 
on which to build the base model. The Economic Census and Risk Man-
agement Association’s RMA’s Annual Statement Studies could be utilized 
to formulate a rough baseline; however, there is another resource with 
greater detail available through the Federal Motor Carrier Safety Admin-
istration (FMCSA). Exercising due diligence in the selection of the best 
source can shorten the modeling time and increase its accuracy.

On an annualized basis, the FMCSA requires a Form M survey to be 
completed by thousands of motor carriers on items that include income 
statement information, balance sheet information, and a number of oper-
ating statistics. This information is not publicly available online through 
the FMCSA, but older versions of the data are available through the 
Bureau of Transportation Statistics. In order to obtain the most current 
data on motor carriers, a Freedom of Information Act (FOIA) request can 
be made in writing to the FMCSA.1 Not all carriers are required to com-
plete Form M, so when making a request it is generally best to specify the 
type of freight, mode of freight, and specialty freight type (if applicable). 
For purposes of this example, a request should be made for a carrier who 
provided truckload (mode), bulk haul (freight type) of coal/coke product 
(specialty freight type) for the previous reporting year. The requests take 
approximately 1 month to be filled and returned, so making the request 
early is important to ensure project timelines are not jeopardized. Figure 
6.2 illustrates the mean values for the income statement data returned 
and will be utilized for the backbone of the cost model.

With current income statement information from the FMCSA, the 
need to extrapolate costs forward is eliminated as opposed to what was 
necessary on the procured material cost model in chapter 5. This also 
provides unquestionable accuracy as to the data used to build the industry 
cost model.

Create cost
model backbone

Identify cost of
service elements

Model the cost
of services

 Finalize the cost 
model

Apply the cost
model

Figure 6.1. Procured service cost model process
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Identify the Cost of Service Elements

The accurate income statement data now must be utilized to formulate a 
functioning procured service cost model. In order to do this, a determi-
nation of what items on the income statement compose cost of service 
(COS) needs to be completed. COS will be all the components directly 
modeled for the procured service of interest to LMN Energy (coke truck-
ing). Figure 6.3 displays those elements that will be directly modeled for 
the business.

The data shows that 65.95% of all the expenses affiliated with conduct-
ing this type of service business will be directly modeled. Specifically, the 
procured service cost model will actively model driver labor, equipment 
depreciation and amortization, any purchased transportation, and fuel. The 
remaining components will be applied based on the percentage of the in-
dustry’s revenue they constitute. That will be illustrated later in the chapter.

Figure 6.2. Income statement
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Model the Cost of Service

To collect the initial cost components for modeling, a number of resources 
are used. For driver labor costs, the Bureau of Labor Statistics (BLS) Oc-
cupational Employment and Wage Estimates resource should be utilized 
for the latest reporting year by the most appropriate NAICS code. NAICS 
code 484100 was utilized to obtain truck driver wages. Because of the em-
phasis on safety at the refining location and the close scrutiny of drivers for 
servicing this business, the 75th percentile wage rate of $22.63 per hour is 
used for the model rather than the median wage rate. Note for the purposes 
of the model, no overtime wages were assumed.

To derive the fuel cost in the model, a few components must be 
known: the cost of diesel fuel, the average fuel economy of a loaded truck, 
and the average fuel economy of an empty truck. To obtain information 
on the price of diesel fuel, the most commonly referenced source is the 
U.S. Energy Information Administration’s Weekly Retail On Highway 
Diesel Prices. As its name implies, it provides weekly updates on diesel 
prices by region. To discover the average fuel economy for a tractor truck, 
visiting a few manufacturer websites provides some valid data points to 
reference. Two conservative points identified were 5 miles per gallon 
loaded and 6 miles per gallon empty.

Deriving tractor truck and trailer depreciation and amortization costs 
begins with gaining an understanding of the purchase price for each. 
There are wide-ranging costs for tractor trucks and trailers depending on 
the services being rendered. Identification of these factors is important be-
cause the purchase price can vary greatly depending on the application. In 
this instance, the incumbent business provider utilizes contracted owner- 
operators, meaning drivers who own their own tractor trucks. The vast 

Figure 6.3. Cost components directly modeled
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majority of owner-operators own tractor trucks that have sleep compart-
ments and thus are more expensive. For the purposes of the model, some 
online searches of dealers provided a typical purchase price of $108,000 
for the tractor truck. Applying a similar approach to understand the pur-
chase price of a dump trailer utilized for this business yielded a $50,000 
typical price tag. For the purposes of the amortization schedule, a 7% 
interest rate over 5 years was assumed.

The price tag of labor per hour and of a trailer and a tractor are key 
pieces of information needed to create a model, but time is the other 
piece. Time spent on the haul is necessary to calculate the cost of each of 
those components per load hauled. This is where activity-based costing 
(ABC) is employed to a larger degree than in many other external cost 
models. Modeling a service conducted at least partially at your facility, 
as in this instance, provides the opportunity to assign time and assumed 
costs to the activities being conducted, similar to some of the internal 
cost models. However, instead of utilizing this information to see what 
you should charge a customer to make a fair profit, you are utilizing the 
information to determine if you are paying a fair price. Example 6.2 fol-
lows the LMN Energy strategic sourcing manager and how he collects the 
remaining information needed and utilizes the information collected to 
begin the construction of the model.

Example 6.2. Collecting Cost Model Data

The strategic sourcing manager has collected all the publicly available in-
formation he needs to better understand the area he is sourcing. His next 
task is to collect the necessary inputs from his stakeholders in the busi-
ness to refine the inputs in the cost model. With the knowledge of wages 
paid to drivers and equipment purchase costs, he now needs to know 
more about the operation itself to apply those costs.  Discussions with 
stakeholders in the supply chain organization determined the operating 
hours of the business to be 5 days a week for 11 hours.  Additionally, 
the private fleet for the company shared that they depreciate tractor 
trucks and trailers 5 and 7 years respectively using the straight-line 
method. This information will be used to provide some of the basis 
for extrapolating labor, depreciation, and amortization rates per haul.
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In order to truly model the operation accurately, the next step is 
to visit the refinery location, witness the operation in action, and talk 
with those available about it. Prior to this visit, the strategic sourcing 
manager formulated a list of questions he needed answered in order 
to effectively model this space and to create a thorough statement of 
work (SOW) for inclusion in the request for proposal (RFP) to be 
released later.

Questions:

 1. What is the average number of loads per day of the tractor trailers?
 2. What is the average number of tons/load shipped?
 3. What is the average load time per load (including entering and 

exiting refinery)?
 4. What is the average transit time per load to the port terminal? 
 5. What is the average unload time per load at the port terminal? 
 6. What is the average transit time per load back to the refinery?

The strategic sourcing manager arrived early at the refinery loca-
tion to see the operation from the beginning of the day. While he and 
the team made their way to the loading area, they noticed that there 
was a line of 25 or 30 tractor trailers waiting to load. This raised im-
mediate red flags as it pertained to the costs incurred for an inefficient 
process. By interviewing the loading crew and several drivers, as well 
as reviewing their own observations at the loading and unloading loca-
tions, the strategic sourcing manager and the team were able to collect 
the following information for use in the cost model and SOW.

Average tons/load  = 23 Tons
Average load time  = 60 Minutes
Average transit time to port  = 90 Minutes
Average unload time  = 20 Minutes
Average return transit time  = 90 Minutes

All the information needed to create an initial cost model is now in 
the strategic sourcing manager’s possession to assist in determining if 
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In the case study, we learned the typical depreciation method and 
time frame utilized for both tractor trucks and trailers. In order to cal-
culate the depreciation expense per load for both the tractor truck and 
trailer, the following formula should be utilized:

The calculation of amortization expenses begins with the creation of an 
amortization schedule. This can be easily created within Microsoft Excel 
by utilizing three key functions: PMT, IPMT, and PPMT. PMT calculates 
the full payment by month consisting of both interest and principle for 
the loan; IPMT calculates only the interest payment by month, which is 
of greatest interest here; and PPMT calculates the principal payment by 
month. Figure 6.4 illustrates the output of utilizing these formulas for a 
small subset of all the payments with the formula for each calculation.

Once the total interest expenditures over the life of the loans are 
known for both the tractor truck and trailer, they can both be converted 
to expenses per minute for use in the cost model. This is done very simi-
larly to the calculation for depreciation expenses, as the following shows:

  ÷  ÷  ÷  ÷  = 
 Purchase  Depreciation  Working  Working  Minute  Depreciation
 Price  years  days  hours  conversion  expense/minute
Truck $108,000 ÷ 5 ÷ 250 ÷ 11 ÷ 60 = $0.13
Trailer  $50,000 ÷ 7 ÷ 250 ÷ 11 ÷ 60 = $0.04

  ÷  ÷  ÷  ÷  = 
 Total  Amortization  Working  Working  Minute  Amortization
 interest  years  days  hours  conversion  expense/minute
 $20,311.77 ÷ 5 ÷ 250 ÷ 11 ÷ 60 = $0.025
  $9,403.60 ÷ 5 ÷ 250 ÷ 11 ÷ 60 = $0.011

the price currently being paid aligns with supplier cost outlays as well 
as provides a reasonable profit.

Creating a dashboard user interface for the inputs that quickly il-
lustrates any assumption change on output results will be the method 
followed as the model is built. In building the model, we will calculate 
what the dollar per load should be compared with our current price; 
however, as we are performing the calculations, we will convert our per 
minute and hour calculations to cost per minute and the diesel price 
to cost per mile.
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Figure 6.4. Amortization schedule.Figure 6.4 Amortization schedule

Converting driver wages from a per-hour calculation to a per-minute 
calculation is also needed. Once the wages are converted, the final piece of 
the calculation is to convert diesel prices from dollars per gallon to dollars 
per mile. With knowledge of the typical tractor truck gas mileage both 
loaded and empty, calculating the dollar per mile is completed as follows:

Now that all the logic has been built to perform the calculations in 
the cost model, the next part would be to design the best organizational 
format for the model. The collection of time for each operational com-
ponent is broken down into loading, transit to port, unloading, and the 
return trip to the refinery. That logical break down allows for a more gran-
ular view into where costs may be hidden and provides a nice framework 
for the model output itself. Once those individual costs are calculated, the 
total of direct costs or COS should be known for inclusion in the final 
model. Figure 6.5 illustrates how the cost model may be represented.
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Finalize the Cost Model

Figure 6.5 provides the COS component of the cost model, but one must 
apply the industry average percentages collected and calculated from the 
FMCSA Form M data for the model to be complete. Earlier in this section, 
the full income statement was shown as provided from the Form M’s. Addi-
tionally, the specific items to be modeled as COS were illustrated with their 
associated percentage. Now we need to see the percentage value of the COS 
as well as the other operating expenses and profit. Figure 6.6 provides a full 
breakdown and percentage based on the earlier displayed income statement.

The percentages for each cost component represented in Figure 6.6 are 
calculated as a percentage of revenue. Since the problem we are attempting 
to solve is the justifiable revenue for the business being conducted, this is the 
unknown variable for which we must use basic mathematics to solve. The 
variables we do know that can assist in solving this problem are the percent-
age that COS constituted in the income statement (65.95%) and the COS 
calculated in the model for our business ($221.39). Deriving the value of the 
revenue for this business then can be calculated with the following formula:

Cost of sales
Cost of sale percentage

Revenue

$221.39
65.95%

$335.69

5

5

The last two steps to completing the procured service cost model are to 
calculate the values for the nonmodeled components by calculating their per-
centage times the revenue and then to incorporate that into the final dash-
board. Figure 6.7 shows the finalized procured services cost model dashboard.

Depending on the business being modeled, the cost model could be 
further refined to account for such things as utilization percentages for 
drivers and equipment. If the equipment is not fully dedicated to an oper-
ation and/or there is significant unproductive time for both drivers and 
equipment, then those costs should be factored into the model. Another 
area that may need to be considered is the age of the fleet that services 
the business; because the business modeled in Figure 6.5 required virtu-
ally all new equipment for all the carriers, the amortization/depreciation 
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schedule for new equipment was deemed appropriate. In instances where 
older equipment or refurbished equipment might be used, that should 
be used as a factor of consideration in the model. Additionally, if the 
equipment’s useful life exceeds the depreciation schedule, the useful life 
number should be strongly considered for use in the model calculations. 
For example, if the dump trailer has an average useful life of 10 years, that 
figure more accurately portrays the revenue life before refurbishment or 
replacement is needed. Further, if overtime is a factor in the providing of 
the procured service, a mechanism would need to be added to account 
for that expenditure. Lastly, the salvage value of the equipment could be 
accounted for in the model to lower the overall equipment expenses to be 
more in line with carrier cost outlays.

Mean Values 
from Form M

Percent of 
Revenue

Driver & Helper Wages (W-2 Emp)-Excl 1099 O-O Drvr Comp $ 5,490,746 17.16%
Other Wages & Salaries $ 616,517 1.93%
Eqpmt Rentals With Drivers - AP For Use Rev Vehs & Drivers (O-O) $ 4 ,725,794 14.77%
Purchsd Transpn - Cost (Haulg Carr Controls Veh & Drvr) $ 4,892,764 15.29%
Fuel, Oil & Lubric; Incl Gas, Diesel, Oil, Grease, Lubes, Coolants $ 2,761,290 8.63%
Fuel Taxes - Fed & State On Gas, Diesel, And Oil $ 289,209 0.90%
Deprec & Amortizn Chgs-For Rev Equip, Bldg & Improv, etc $ 1,245,430 3.89%
Eqpmt Rentals Without Drivers - AP For Use Of Rev Vehs Only $ 1,086,772 3.40%
COST COMPONENTS DIRECTLY MODELED (COS) $ 21,108,522 65.95%

Mean Values 
from Form M

Percent of 
Revenue

Outside Maintenance-Maint Perf By Outside Vendors $ 840,414 2.63%
Vehicle Parts - Parts Used To Repair Vehs, Excl Tires And Tubes $ 527,926 1.65%
Tires & Tubes - Cost Of Tires & Tubes For Vehs $ 348,617 1.09%
Other Op Supplies & Expenses - Op Of Vehs, Terminals, Shops $ 925,122 2.89%

Total Consumables / Maintenance $ 2,642, 079 8.25%

Cargo Loss & Damg Prems & Claims Pd - Net Cost Of Commrc Insur $ 71,261 0.22%
Liabil & Prop Damg Prems & Claims Pd - Cost Of Commrc Insur $ 936,171 2.92%
Other Insur Exp - Fire, Theft, Floods; Incl Insur For Bldgs, Machi $ 203,884 0.64%

Total Insurance $ 1,211,316 3.78%

Op Tax & Lic (Exc Fuel Tx) -Lic&Reg Fees, Tolls, Veh Use Taxes $ 354,037 1.11%
Communica & Utilities - Cost Plus Taxes (Telephone, Fax, Etc) $ 366,165 1.14%
Oth Op Exp-Bldg Rents,Off Equp Rents; Excl Interest & Sales Tax $ 1,706,367 5.33%
Officer, Supervisor, Administrative, & Clerical Wages & Salaries $ 1,595,802 4.99%
Fringe Bene;Incl Fed/State/Loc Payrl Tax,Wkrs Comp,Grp Insur,Oth $ 1,858,207 5.81%

Total Other Operating Expenses $ 5,880,578 18.37%

Net Profit $ 1,164,168 3.64%

COST COMPONENTS DIRECTLY MODELED (COS) $ 10,898,142 34.05%

Figure 6.6 Cost components modeled and not modeled
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Apply the Cost Model

The output of the model shows a substantial difference between the pres-
ent rates LMN Energy is paying and the modeled costs for hauling petro-
leum coke by truck. The fully burdened rate inclusive of fuel surcharges 
is modeled at $14.60/ton. Earlier the cost per ton reported during the 
spend analysis was $25.20/ton, so from an opportunity assessment stand-
point, this appears to be an area with significant potential. Example 6.3 
shows how the strategic sourcing manager utilizes this information within 
the strategic sourcing process.

Example 6.3. The Value Proposition/Savings Results

With the completion of the cost model, the strategic sourcing manager 
is pleased to see there is a substantial opportunity to add value by em-
ploying the strategic sourcing process. Because there is such a large dif-
ference between the modeled cost and the current rate, he takes a deeper 
dive into the components of the current $25.20/ton fully burdened rate. 
What he discovers is that one area responsible for the large difference 
is the current fuel surcharge schedule in place. Currently, $1.25 of fuel 
costs is encompassed in the rate for shipping, but when diesel exceeds 
that amount, fuel surcharges are charged back to LMN Energy. This 
fuel surcharge is based on a percentage of the present freight rate and 
the price of diesel at the present published rate from the U.S.  Energy 
Information Administration’s Weekly Retail On-Highway Diesel Prices. 
Below is an example of how the fuel surcharge is calculated.

Diesel Fuel Cost

Over ($) Less than ($) % of rate charge
2.650 2.699 25.51%

2.700 2.749 26.62%

2.750 2.799 27.73%

2.800 2.849 28.84%

2.850 2.899 29.95%

2.900 2.949 31.06%

2.950 2.999 32.17%



 ExTERNAL COST MODELS FOR PROCURED SERVICES 101

3.000 3.049 33.28%

3.050 3.099 34.39%

3.100 3.149 35.40%

3.150 3.199 36.52%

Based on the present prices of diesel fuel, fuel surcharges equating to 
34.39% of the rate being charged to LMN Energy. With the current base 
rate less fuel surcharges being $18.61/ton, $6.59 is being charged in fuel 
surcharges above and beyond the $1.25/ton already present in the base 
rate. This base rate and fuel surcharge combined fully accounts for the 
$25.20 fully burdened rate. Because the strategic sourcing manager has 
built a dynamic model, he can calculate the difference the current fuel 
surcharge structure has versus what his model says it should cost. What he 
finds is that the fuel surcharge presently being charged is approximately 3 
times greater than the model can justify, which works out to a difference 
of nearly $100 per load (with the average haul being 25 tons). Further, he 
finds that the higher the diesel price, the larger the difference between the 
current fuel surcharge and modeled fuel surcharge. The following chart 
shows the impact of diesel price fluctuations on out-of-pocket costs:

In addition to the fuel discrepancy, the strategic sourcing manager 
and the team wanted to have a greater understanding of why the fleet 
of trucks experienced first-load wait times of up to 4 hours without 
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additional demurrage charges. Because those wait times were factored 
into the rate, the refinery was not concerned with the inefficient pro-
cess. However, the strategic sourcing manager and the team knew that 
“time is money,” and the refinery was paying for that inefficiency, even 
if they didn’t recognize it as a separate charge item.

Prior to finalizing the scope and issuing the RFP to potential truck 
carriers, the team had all bid participants come to the refinery facility 
to review the operation. The team ensured all participants that LMN 
Energy was looking to enter into a strategic relationship with a carrier 
that was able to provide the service safely and cost effectively while 
removing inefficiencies from the existing operation.

The RFP included questions pertaining to all the cost elements 
modeled so that pricing had to be backed up with sound cost informa-
tion. Additionally, a new fuel surcharge was stipulated, compensat-
ing on a per-mile basis as the standard post-bid to ensure that fuel 
surcharges incurred were more indicative of carrier cost outlays. The 
procured service cost model arrived at a cost within 8% of the finalized 
agreement with the selected supplier. Were the team to have been able 
to contract for a longer period, the negotiated rate would have been 
within 1% of the modeled cost. The following discussion tracks the 
progress of the negotiations based on the cost model:

Initial bids received showed a dramatic decrease in the dollar per 
ton rate compared to the historical baseline pricing. The model was 



 ExTERNAL COST MODELS FOR PROCURED SERVICES 103

utilized to determine that an alternative fuel surcharge schedule should 
be implemented that would provide further cost reduction, which can 
be seen in the chart. Lastly, the information was used for the purposes 
of clarifying assumptions made by the carriers and to negotiate com-
petitive pricing based largely on their own inputs. As the graph shows, 
dramatic decreases in price per ton were obtained from the RFP to the 
final negotiated figure. The result of the strategic sourcing initiative, 
with the use of the cost model, was a 37% decrease in the fully bur-
dened rate to move petroleum coke.

At the conclusion of the negotiations, the strategic sourcing man-
ager and the team were pleased to award the business to a carrier that 
would bring safe and efficient operations while saving LMN Energy 
more than $12 million over a 3-year term.

Greater Volume Equals Greater Leverage

The ability to negotiate better pricing using cost models is enhanced 
when the purchasing organization does a substantial volume of busi-
ness with the supplier organization. In the example discussed in this 
chapter, the buying organization should expect that the transportation 
supplier can achieve a higher utilization of equipment and drivers as 
the volume of their business increases. This could positively impact 
what the supplier considers to be an acceptable margin versus other, 
lower volume customers. Supply chain professionals can utilize this 
knowledge and information to their advantage in a negotiating envi-
ronment, particularly if the utilization of the specific equipment to 
support the business bid is higher than typical utilization statistics 
(which can be captured in an RFI or RFP). If utilization rates are 
higher, the astute supply chain professional can incorporate that fact 
into the model to provide a clearer indication of supplier/carrier costs.

However, when negotiating with the use of external cost models, the 
areas often determined to have the biggest impact on total cost are the 
indirect cost components (SG&A and profit being the most significant). 
If these components are high and out of line with industry standards, 
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costs to buying organizations can be drastically higher. Since executive 
wages and bonuses are buried within the SG&A component of service 
pricing, it is essential that supply chain professionals analyze both the 
SG&A and profit lines together. The case example in this chapter on 
trucking is a perfect illustration. It is uncommon for privately held carri-
ers (or privately held suppliers for that matter) to report large profits that 
are carried over into retained earnings year after year. Rather, those excess 
profits are actually paid out or cashed out by the owners of the company 
and its executives. Only a small percentage of those excess profits may 
reside in the net profit line, so “buyer beware” if you decide to only ana-
lyze the profit line.

Additionally, when a buying organization represents a considerable 
percentage or substantive volume of business compared to supplier/car-
rier revenues, the buying organization should expect to fund a lower per-
centage of the supplier’s overall SG&A costs. Why is that? Because when 
suppliers have to sell on the spot market (i.e., nonstrategic/nonpreferred 
relationships), there is a higher burden associated with that activity. Mar-
keting costs are the most prevalently averted category, but other SG&A 
costs may be reduced as well with larger revenue accounts.

Conclusion

The procured service cost model provided tremendous leverage to the 
LMN Energy strategic sourcing team. Not only did the model validate 
the opportunity, but it also seized the opportunity and ensured that bid 
responses made sense with the industry data collected. In a negotiating 
environment, the value of fact-based tools cannot be minimized. When 
discussions around price are based on the costs you have analyzed and 
the information bidders have provided in an RFP, “black box” or blinded 
negotiating tactics that highly favor the carrier/supplier are eliminated. 
This also helps to avoid situations where bidders may be trying to “buy 
the business” by proposing unsustainable prices that cannot be justified 
by the costs prevalent in that industry. Avoiding situations where at a 
minimum costs will escalate, and at worst the supplier either fails entirely 
or requires the team to resource prior to the planned time frame can be 
minimized using cost models.
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This chapter has discussed in depth the development and use of pro-
cured service cost models. Building these models and enhancing the data 
inputs with actual service information collected empirically and through 
a bid process can allow the buying organization to wield substantial 
power. Tailoring the models as much as possible to your operation helps 
to ensure that the external product or activity being modeled is reflective 
of your business, not just the industry as a whole. However, utilizing cost 
models should be just one part of an overall supply chain or strategic 
sourcing strategy for a category that will glean the largest value for buying 
organizations. External cost models such as these are some of the stron-
gest tools, but other tools in the strategic sourcing toolkit should also be 
used to enhance the final product of the initiative even further.





CHAPTER 7

Total Cost of Ownership 
Models

For many companies, total cost of ownership (TCO) is out of control.
—Dr. Wayne Applebaum

End the practice of awarding business on the basis of price tag alone.
—W. Edwards Deming

In previous chapters models of varying types, both internal and external, 
have been explained in detail to assist organizational decision making. 
Most of the emphasis when completing those models was on the direct 
costs associated with the operation or procured product/service. Total 
cost of ownership (TCO) models focus on all the costs associated with 
a particular operation or acquisition over its entire life span, cradle-to-
grave. Generally, these models are used mostly in conjunction with the 
other models discussed in situations where either major capital expendi-
tures or dramatic operational changes are being considered.

It is very important to include all relevant costs when developing a 
TCO model, which is sometimes referred to as a value creation model. 
Exclusion of even one component can sometimes lead to suboptimal de-
cisions. Example 7.1, taken from one of the author’s experiences, illus-
trates the danger of failing to include a critical cost element.

Example 7.1. TCO Analysis Case Study

The organization had been purchasing a particular raw material from 
a single supplier, Supplier A, for a number of years. The component 
was assembled into the final product using automated equipment. 
Never had one of Supplier A’s lots of the material been rejected due to 
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nonconformance to specifi cations. An unsolicited off er was received 
from Supplier B for the same material. Th is price for the material 
from Supplier B was signifi cantly lower than the price from Supplier 
A. Quality engineering tested Supplier B’s material and determined 
that it conformed to all specifi cations. Th e purchasing manager then 
constructed a TCO model and determined that Supplier B’s off er was 
worth considering. Supplier A was approached and was unable to off er 
any price concessions. Th e decision was made and the organization 
switched to Supplier B for this material.

Th  e initial shipments from Supplier B all conformed to specifi ca-
tions. Th e month after the switch to Supplier B, process engineering 
reported excessive downtime with the equipment that assembled this 
material into the fi nal product. Investigation indicated the cause for 
the downtime was related to the material from Supplier B. Further in-
vestigation revealed that, while all of Supplier B’s material conformed 
to specifi cation, the distribution for a critical dimension had a signifi -
cantly higher variance than that from Supplier A. It was determined 
that this excess variation created jamming problems with the auto-
mated equipment. 

A ttempts to adjust the equipment to accommodate Supplier B’s 
material were unsuccessful. Since the cost of the downtime on the 
equipment greatly exceeded the savings from switching suppliers, the 
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Understanding the total cost of any operation or product decision 
should begin with thoughtful framework sessions. The basics of frame-
work sessions were discussed in Example 2.1 in chapter 2, where it focused 
on whether outsourcing unfolding, hanging, and steaming activities was 
more advantageous than insourcing. That example incorporated several 
elements of TCO modeling. Had XYZ Apparel, the company that was the 
focus of the example, made the decision based solely on labor costs, the 
probability of achieving the best outcome would have decreased. Instead 
the model analyzed the impact of packaging, transportation, and customs 
and duties costs while also quantifying an opportunity cost for each deci-
sion. Decision quality is focused on ensuring that all available informa-
tion is considered and vetted in the decision making process. While the 
model in Example 2.1 is designed to determine the total one-time cost of 
a product or service, TCO models are constructed to identify and quan-
tify each component of cost over the lifetime of the project, product, or 
service and thus enhance decision quality.

At the highest level, a TCO model should contain all the costs associ-
ated with acquiring, installing, operating, maintaining, and disposing of a 
product or service while considering all applicable opportunity costs. The 
best example to illustrate the importance of organizations focusing on 
TCO, as opposed to single elements such as purchase price, is an iceberg. 
Ninety percent of an iceberg’s size and mass lies beneath the surface of the 
water; the 10% of the TCO that can be seen is generally related to making 

purchasing manager ceased purchasing from Supplier B and returned 
to Supplier A.

Several actions could have avoided this problem. A more thorough 
examination by quality engineering beyond simple conformance to 
specifications would have revealed the increased dimensional variation 
in Supplier B’s material. A pilot test of the new material on the au-
tomated equipment by process engineering would have revealed the 
problems associated with the increased dimensional variation. With 
this information, the purchasing manager could have included the ad-
ditional costs of downtime on the automated equipment in his TCO 
model and made the correct decision to remain with Supplier A.
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decisions based solely on price. That is to say that 90% of the potential 
cost or value is overlooked by making a decision based solely on price.

While the actual percentages and TCO categories will vary depend-
ing on the nature of the product or service, what the value pyramid 
iceberg in Figure 7.1 truly illustrates is that a failure to focus on the 
areas outside of acquisition cost (or price) may result in a recommenda-
tion not in the best interests of the organization. Often organizations 
expend a great deal of time and effort to ensure that the purchase price is 
competitive and fair, but the same time and effort need to be in place to 
ensure the solution that is priced competitively is also the most advanta-
geous for the organization over the entire useful life of the product or 
service. Falling in love with a solution based on the sticker price may 
result in a decision with a greater probability of having an adverse effect 
on the expected result.

Like icebergs, the vast majority of the value proposition associated 
with projects under consideration falls below the surface. Depending on 
the product, service, or project being considered, the components them-
selves or the size of those components can vary greatly. For example, 
when buying a car the price tag is of definite interest, but consumers are 
generally also greatly interested in ensuring the car is reliable, has good 
fuel economy, and maintains its value. Those same individual consumers 
probably apply entirely different values to the criteria for selecting a lawn 
care company.

Figure 7.1 Total cost of ownership (TCO) value pyramid iceberg
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TCO models are utilized in a variety of settings to derive value. Ex-
ample 7.2 is based on one of the author’s experiences and introduces how 
TCO models were utilized by one company to assist in the decision mak-
ing process.

Example 7.2. Lighting TCO Analysis

The director of strategic procurement for a high-end specialty retailer, 
KT Apparel, has determined that one of the key areas of focus for 
the coming years should be on energy management for the company’s 
2,200 stores. With energy prices at near all-time highs and continued 
emphasis on being “green,” he began to look at options that might be 
available to curb energy use without sacrificing the look in stores. He 
knows that there are two major items driving store energy costs: light-
ing, and heating and cooling. He decides to focus his attention initially 
on lighting costs.

The director schedules a meeting with the preferred supplier re-
cently selected to provide lighting solutions for their stores to discuss 
options for reducing energy consumption. In the meeting he shares 
that due to the recent downturn in the economy, his company has a 
limited capital budget and that he is interested in innovative solutions 
that might reduce operating expenditures with limited use of capital 
and without negatively altering the lighting in stores. Options that 
would enhance light levels without significant cost increases would be 
preferable, if available, as many store light levels are suboptimum. The 
supplier has come prepared to discuss a potentially attractive option 
KT Apparel may want to consider. They suggest replacing the existing 
halogen lamps with a newer, more energy-efficient model of halogen 
that provides greater lighting levels than the existing lamps.

The director asks for the product specification sheets for his exist-
ing halogen lamp and the alternative option for consideration. Addi-
tionally, he asks that the preferred supplier provide him a quote for the 
alternative lamp based on KT Apparel’s historical volumes and samples 
of each to provide to the store design department for evaluation. The 
lamp specifications for each follow:
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From the information presented in Example 7.2, there is considerable infor-
mation the director of strategic procurement already has at his disposal to 
assist him in formulating a cost model. Were the director not a proactive sup-
ply chain professional, he could have easily been dissuaded from continuing 
to analyze this alternative based on the stark price differences between the 
current lamp and the alternative. However, he will use a TCO model and 
let the facts dictate which lamp is best for his company to adopt. In order to 
accurately analyze those facts, we will look at each major TCO component 
and then discuss its applicability for the director and KT Apparel.

Acquisition Costs

Purchase price is often what most think of when acquisition costs are 
discussed; however, there are a number of other components worthy of 
analysis as accurate TCO models are being constructed. Purchase price 
itself can consist of a number of elements that can differentiate options, 
such as negotiated price, payment terms, electronic document exchange, 
or warranty differences. One proposed purchase price rarely aligns exactly 
with another, so these items need to be entered into the TCO modeling 

Current halogen Alternate halogen

Watts 60 50

Lumens 800 920

Half-life (hours) 3,000 5,000

Price $3.15 $5.67

Over the past 3 years, the average annual expenditure for halo-
gen lamps across all the stores is $1.2 million. The annual energy cost 
for all the stores combined is approximately $36 million, and a large 
percentage of that is believed to be consumed by inefficient lighting. 
Additionally, there have been a large number of insurance claims from 
store associates who have fallen off ladders while replacing burned-out 
lamps, so increasing lamp life would be doubly desirable. The director 
decides that a TCO model focusing on the annual cost per socket for 
each lamp will illustrate the best recommendation for his company to 
pursue going forward.
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process. Often extended warranties and early pay discount terms may be 
negotiated to make the acquisition cost even more attractive.

In the example we are reviewing, the option the director of strategic 
procurement is evaluating is from a current preferred supplier. The only 
price he knows is competitive is his current lamp, which was sourced 
within the past year. If the alternative option was proving more beneficial, 
he may want to take additional steps to ensure the pricing is competitive, 
since the halogen bulb drives a significant portion of the lighting expen-
ditures. Example 7.3 shows how the director handles the information he 
has already obtained on pricing.

Example 7.3. Normalizing Lamp Life

One of the first items that caught the director’s eye as he was reviewing 
each of the lamp specification sheets was the difference in the length 
of life. He knows that a half-life of 3,000 hours for the current lamp 
means that roughly half of those lamps produced will die before 3,000 
hours and half will die after 3,000 hours. Because the half-life of the 
alternative lamp is significantly longer, he recognizes this as an oppor-
tunity to reduce the number of lamps purchased over a period of time 
and should be factored into the analysis. He decides to normalize the 
price of the lamps to an annualized price. To do this he first develops a 
multiplier to determine the number of bulbs needed per light socket if 
the half-life was to be assumed for all bulbs.

Annual store 
hours ÷ Half life =

Lamps consumed 
annually/socket

Current 4,200 ÷ 3,000 = 1.4

Alternate 4,200 ÷ 5,000 = 0.84

Then the director takes the lamps consumed multiplier and applies 
that to the price to develop the normalized price annually for each 
bulb.

Price ×
Lamps consumed 
annually/socket =

Annual normalized 
price/socket

Current $3.15 × 1.4 = $4.41

Alternate $5.67 × 0.84 = $4.76
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Installation/Implementation Costs

Installation/implementation costs are those that will be incurred for the 
product, service, or project to start providing the intended benefit. For 
products, the costs could include such things as packing materials, trans-
portation, customs clearance, tooling, disposal costs of the product being 
replaced, training, and setup labor. Service and project implementation 
costs may include travel expenses, training, and switching costs from an-
other provider. Example 7.4 shows how the director of strategic procure-
ment and KT Apparel classified these costs.

The $0.35 difference between the annual normalized price/socket 
is smaller than the $2.52 difference in the purchase prices of the two 
lamps. Encouraged by this, the director now begins to focus his atten-
tion on other components.

Example 7.4. Installation/Implementation Costs

For KT Apparel, the director and his management team decide to 
analyze an installation/implementation strategy for the new lamp that 
would be rolled out as existing lamps fail. This in effect negates any 
differences in large ramp-up costs between the two lamps for instal-
lation purposes. Installation procedures for the two lamps under con-
sideration are identical and performed by the same store associates. 
Additionally, the packing materials, weight, and mode of shipment 
are comparable, so those costs are collected for inclusion in the TCO 
model. However, because the alternate lamp has a longer life than the 
current lamp, he needs to calculate the normalized annual cost for 
shipping per light socket.

First the director calculates the delivery price per lamp for each 
delivery made.

Average case 
delivery price ÷ Quantity/Case =

Average lamp 
delivery price

Current $5.00 ÷ 12 = $0.42

Alternate $5.00 ÷ 12 = $0.42



 TOTAL COST OF OWNERSHIP MODELS 115

Operating Costs

The impact of operating costs on the value proposition for a TCO model 
is often one of the larger components of cost. This is especially true with 
a product that consumes energy and with projects and services that con-
sume resources during and after the life of the implementation.

For TCO analyses performed on products being sourced, such as 
capital equipment, ongoing operating costs can sway decision making 
dramatically. For example, if an energy company was looking to source a 
gas turbine/generator package to produce needed energy for oil field op-
erations, the size of the unit is a huge consideration. If a package sourced 
produces more megawatts than is needed, the turbine/generator package 
also will consume more natural gas than necessary for the operation. This 
additional consumption of natural gas would increase operating costs 
dramatically and provide the operation no benefit. So even if the price 
of the larger turbine/generator package was lower, it might not be the 
best option due to increased operating costs. In this case the organization 
wants to fully understand the costs to operate each unit under consider-
ation and make sure it is fit for the purpose it is intended.

In the services and projects realm, operating costs may be based on the 
effectiveness of the team selected to do the work. For instance, if a consult-
ing company was being sourced to implement a new enterprise resource 
planning (ERP) system for the company, the sourcing team would want to 
ensure that the successful bidder had knowledge of the ERP software being 
implemented, knowledge of their industry, and references from previous 

Then he needs to calculate what each lamp would cost annually 
based on the half-life calculation performed to normalize price in Ex-
ample 7.3 (“Lamps Consumed Annually/Socket”) to plug in to his 
TCO model.

Average lamp 
delivery price ×

Lamps consumed 
annually/socket =

Annual delivery 
cost/socket

Current $0.42 × 1.4 = $0.58

Alternate $0.42 × 0.84 = $0.35

The application of the multiplier illustrates a net advantage of 
$.23/socket annually by utilizing the alternative lamp.



116 BETTER BUSINESS DECISIONS USING COST MODELING

companies on the specific individuals proposed for the implementation. If 
those factors are not strongly considered, and a selection is based almost 
exclusively on rate, the business may jeopardize implementation timelines, 
or worse, have to implement a number of costly workarounds to compen-
sate for a poorly configured and tested system.

Example 7.5 follows how the director of strategic procurement and KT 
Apparel continue their TCO analysis by now focusing on operating costs.

Example 7.5. Operating Costs

The director’s focus has been on reducing energy costs while main-
taining lighting levels in stores and not dramatically increasing supply 
costs. The alternate bulb under consideration uses 10 watts/hour fewer 
than the current bulb. He knows he needs to calculate the operating 
cost per socket for each lamp to plug into his TCO model. To do that 
he first runs a report from his energy management system to collect 
the current dollar per kilowatt hour (KWh) KT Apparel’s stores are 
being charged by location. The average cost that the stores are pay-
ing across the country is $0.10224/KWh. Though information in the 
marketplace shows this cost is likely to increase in the near future, 
the director uses this figure to conservatively model the operating cost 
impact. In order to calculate the KWh consumed annually by socket 
for each lamp, the wattage of each needs to be converted to KWs. One 
kilowatt is equal to a thousand watts, so the following calculation must 
be done for each:

Watts per 
hour ÷

Watts per 
kilowatt =

Kilowatts per 
hour

Current 60 ÷ 1,000 = 0.06

Alternate 50 ÷ 1,000 = 0.05

With the KWh calculated, the next piece to calculate is the total 
KWhs annually.

Kilowatts per 
hour ×

Annual store 
hours =

KWh’s  
annually

Current 0.06 × 4,200 = 252

Alternate 0.05 × 4,200 = 210
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Maintenance Costs

The cost to maintain the final delivered product or service is an important 
piece of the TCO equation. Maintenance costs for product or equipment 
may be based on the cost for replacement parts and the labor price and 
hours needed to complete the work. When we as educated consumers 
evaluate the best car to buy, we would consider that the upkeep cost for 
luxury vehicles is often much steeper than the maintenance cost for more 
standard automobiles. The parts and labor are generally more expensive 
with a luxury vehicle. So if a TCO model was to be used to compare two 
vehicles, those elements would need to be evaluated.

For services and projects, maintenance costs often are not evaluated 
and negotiated as diligently as the capital costs. It is not uncommon that 
those responsible for projects are measured solely based on whether they 
come in on time and at or under the capital budget. This can often greatly 
impact the ongoing maintenance costs because the project manager may 
even use that as a tradable item in negotiations to gain a concession that 
meets his or her own targets. Examples of this are prevalent on large capi-
tal projects and in new software agreements. In software agreements, for 
example, the one-time licensing fees may be negotiated to meet the capi-
tal budget requirements, but the ongoing maintenance service expense 
percentage may be ignored altogether and cost the company millions of 
dollars over the use of the product.

Example 7.6 continues the analysis by the director of strategic pro-
curement and KT Apparel with the focus on maintenance.

To calculate the total cost per socket annually, the director must 
now multiply the KWh’s consumed annually for each lamp times the 
average $/KWh the stores are charged.

KWh’s  
annually ×

Average $ per 
KWh =

Energy cost 
per socket

Current 252 × $0.10 = $25.76

Alternate 210 × $0.10 = $21.47

Annually the alternate lamp being considered would provide $4.29 
per socket per year in operating cost savings versus the current lamp.



118 BETTER BUSINESS DECISIONS USING COST MODELING

Example 7.6. Maintenance Costs

Lamp replacement is not a maintenance-intensive activity, and the 
time expended to replace each lamp is the same; however, the direc-
tor learned early in this process that there were a number of injuries 
to store associates and claims associated with falls from ladders. In 
order to understand the potential value of fewer trips up the ladder, he 
requests a listing from human resources of all recordable incidents in-
volving the use of ladders while replacing lamps with their correspond-
ing insurance and worker’s compensation costs. From the information 
he receives, he can see that over the last 3 years the average value of all 
claims pertaining to ladders and changing lamps is $250,000. Because 
the alternate lamp being considered has a longer life, an analysis is 
conducted to see how fewer trips may lead to fewer insurance claims 
and a safer store associate environment.

The first step to calculate this value is to determine the value across 
all the stores for making the switch to the alternate lamp. A calculation 
does not need to be done for the current lamp as the value for those an-
nually is the $250,000 in insurance claims. The following calculations 
provide the multiplier to calculate the alternate lamp insurance cost:

Alternate half-life
Current half-life

Percentage alternat− =1 ee life greater than current

5,000
3,000

− =1 0 667.

Alternate half-life
Current half-life

Percentage alternat− =1 ee life greater than current

5,000
3,000

− =1 0 667.

The alternate lamp lasts two-thirds longer than the current lamp, so 
insurance claims should be one-third of their current costs because of the 
less frequent ladder use to change lamps. The following is the calculation:

(1 − Percentage alternate life greater than current) × Insurance  
 claims = Alternate lamp insurance cost

(1 − 0.667) × $250,000 = $83,333.33

Understanding the cost per socket is the next task, and because the 
exact number of sockets is unknown, the director uses the purchase 
history he has with the current lamps consumed annually calculated 
previously in Example 7.4.
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Opportunity Costs

The value of not having to perform an activity as frequently or perhaps at all 
is a hidden gem when determining whether a project, service, or product is 
viable. In one of the examples for the operations cost portion of this chapter, 
we discussed how ensuring the right-sized gas turbine was placed into service 
could have a dramatic impact on operating costs. Utilizing that same exam-
ple, the opportunity costs for making a poor decision on that type of equip-
ment can be even more catastrophic when figuring opportunity costs. If the 
oil field operations generate $10 million of revenue daily and are either shut 
down or forced to operate at lower efficiency because of an unplanned outage 
in the gas turbine and generator, the lost revenue can dwarf any other cost ele-
ments considered. So for the instances of equipment critical to the business, 
the quality and reliability statistics of that equipment should be among the 
most heavily weighted components of a TCO model.

In the projects and services realm earlier in this chapter, we discussed 
an example of selecting the right consulting firm to assist with an ERP 
implementation. Failure to select correctly here may impact the design 
of the system, impact the efficiency of the hardware, and impair users 
from completing business-critical tasks in a timely manner, if at all. For 
example, if customer lists for marketing distribution are tied to the ERP 
system, and those systems are not working properly, lost sales may result 
from the systemic problems. All of those items have value that should be 
taken into consideration when constructing a TCO model.

Annual lamp 
purchase quantity ×

Lamps consumed 
annually per socket =

Total sockets 
in stores

Current 380,892 × 1.4 = 272,066

With the number of sockets now known, the following formula 
can be utilized to calculate the cost per socket for each lamp:

Annual insurance 
claims ÷

Total sockets 
in stores =

Insurance cost 
per socket

Current $250,000 ÷ 272,066 = $0.92

Alternate $83,333 ÷ 272,066 = $0.31

The director will utilize the insurance cost per socket in the TCO 
model for each evaluated option to represent maintenance cost.
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For the in-depth example we are exploring in this chapter, there is a 
strongly identified opportunity cost that is included to enhance the TCO 
model. See Example 7.7.

Example 7.7. Opportunity Costs

When looking at what the true opportunity costs are for KT Apparel 
to benefit from a change in lamp, the director of strategic procurement 
focuses on lost sales. The opportunity cost associated with store associ-
ates focusing on maintenance activities instead of selling activities is 
the biggest component analyzed. With the downturn in the economy, 
store personnel have really been cut back, so he engages store opera-
tions to understand the value that time may be worth if rededicated to 
selling activities.

Store operations reports back to the director: Based on a store sur-
vey, they find that associates spend approximately one hour per week 
changing lamps during nonpeak periods. To be conservative, they es-
timate that were the associates engaged in selling activities during that 
time frame, one additional item may be sold, based on past history. 
The average item selling price is $20, so a total revenue increase of $20 
per store per week may be gained if that entire hour was recouped. The 
director knows the entire hour cannot be eliminated, but two-thirds of 
it can be based on his earlier work in Example 7.7. He calculates the 
value of that for the alternate lamp.

First, he must calculate the time per store recouped by moving to 
the alternative lamp by utilizing the “percentage half-life greater than 
current” calculation in Example 7.7 and by multiplying it by the lost 
sales dollars per store per week.

Percentage alternate life 
greater than current ×

Lost sales $ 
per week =

Lost sales 
recouped

0.667 × $20.00 = $13.34

Next, the annual lost sales must be calculated for all the stores.

Total stores ×
Lost sales 
recouped × Annual weeks =

Annual lost 
sales

2,200 × $13.34 × 52 = $1,526,096
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Disposal and Salvage Costs

The cost components of disposal and salvage generally refer to products 
or equipment that have reached the end of their useful lives. For capital 
equipment utilized in a business operation, there is often salvage or resell 
value that may be recouped through its sale. For purposes of modeling 
cost through a piece of equipment’s life, this component should be esti-
mated while subtracting any costs incurred to generate the sale.

Many products may contain hazardous materials and require disposal 
in a special manner to be compliant with national and local laws. Fluores-
cent lamps, for example, contain high levels of mercury and are required 
to be disposed of through dealers or recycling companies.

Other nonhazardous products such as plastic bags may be required to 
be recycled as well in some regions. The cost for collection bins, transpor-
tation costs, and any recycling fees would need to be included in a TCO 
model for full cost visibility.

Example 7.8 continues the TCO model for the lamp options and 
presents the final results.

The annual lost sales must then be calculated to get a per-socket cost.

5

5

Annual lost sales
Total sockets in stores

Lost sales per socket

$1,526,096
272,066

$5.61

5

5

Annual lost sales
Total sockets in stores

Lost sales per socket

$1,526,096
272,066

$5.61

A sales uplift (or opportunity cost) of $5.61 per socket will not be 
attained if the alternative lamp is not selected based on these findings.

Example 7.8. Total Cost Analysis Results

The last component to collect for completion of the total cost of owner-
ship model is any applicable disposal costs. The director investigates and 
discovers that there are no governmental requirements to recycle halogen 
lamps and no recycle programs available. This means that the cost for 
disposal is a small percentage of the total costs incurred to dispose of 
general waste. In discussions with store operations, it is determined that 
the lamps occupy an infinitesimal amount of space, and removal of them 
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from waste collection would not impact general waste costs. With no 
need to calculate this piece of information, the director begins to piece 
together his completed TCO model, placing the opportunity cost figure 
into the current lamp TCO model to indicate not pursuing the alter-
native lamp costs the company top-line growth as well as bottom-line 
improvement. He then places each lamp option into waterfall charts for 
presentation to management. The following chart is the consolidation of 
all the cost elements calculated for the TCO model and clearly shows the 
alternate lamp to be a superior option:

Current lamp Alternate lamp Difference

Normalized Price $4.41 $4.76 –$0.35

Delivery Cost $0.58 $0.35 $0.23

Energy Cost $25.76 $21.47 $4.29

Insurance Cost $0.92 $0.31 $0.61

Opportunity Cost $5.61 $0.00 $5.61

Total Annual Cost/Socket $37.28 $26.89 $10.39
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Conclusion

The creation of total cost of ownership models provides the most com-
prehensive picture as to the cost for any potential solution to the orga-
nization. The TCO model on light bulbs provides a simple insight into 
how TCO components can markedly sway decision making. Had the 
director of strategic procurement only considered energy costs and prices 
to construct his model, the impact of the decision would have been quite 
different than with the complete TCO model. It is also possible that when 
elements of significant cost or opportunity cost are not evaluated but 
the focus is on a select few components that are easy to obtain without 
modeling, the decision quality will be inferior to that obtained with the 
TCO model. Ensuring that all elements of significance are included in 
the model is crucial to determining the true value of any solution.

Examining a Stream of Cash Flows: Net Present Value Analysis

When constructing a TCO model for capital equipment, which often has 
a lengthy useful life, it is important to evaluate the stream of cash flows 
associated with the ownership and operation of that equipment in current 
dollars. Calculating the net present value (NPV) of the stream of cash 
flows identified by the type of TCO analysis discussed in this chapter re-
sults in a single number that represents the value in current dollars of the 

The director now has a clear picture of the total cost of ownership 
for staying with the current lamp or moving to the alternate lamp. 
When he calculates the extrapolated cost across all light sockets, he has 
all he needs to create a business case for change.

Lamp TCO ×
Total sockets 

in stores =
TCO cost for 

all stores

Current $37.28 × 272,066 = $10,142,610

Alternate $26.89 × 272,066 = $7,315,847

Annual Savings $10.39 × 272,066 = $2,826,763

Switching to the alternative lamp will save his company more than 
$2.8 million annually once fully deployed.
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entire stream of cash flows. This facilitates the comparison of alternative 
decisions relating to the acquisition of capital equipment.

The concept of net present value is a simple one. NPV represents today’s 
value for a cash flow (positive or negative) that is expected to be incurred 
in a future period. Ask yourself, would a dollar received today be worth as 
much to you as the promise of a dollar to be received by you at the end of 
1 year? In a period of inflation, the answer would be no because the dol-
lar would lose purchasing power over the 1-year period. NPV answers the 
question of how much is the promise of a dollar to be received at the end 
of a year worth to an organization today. To answer this question, the ana-
lyst would calculate NPV by dividing the dollar to be received at the end 
of 1 year by 1 plus the inflation rate raised to the power of the number of 
years, n, after which the dollar will be received. Assume the current inflation 
rate, i, is 3% (0.03). NPV would be calculated as follows:

NPV
Cash flow=

+
=

+
=

( ) ( . )
$ .

1
1

1 0 03
0 970871i n

The NPV indicates that the value of 1 dollar to be received at the end 
of 1 year would be $0.97087 in today’s dollars.

Regardless of the inflationary climate, you could always invest today’s 
dollar so that it would be worth more than a dollar at the end of the year. 
In this case, i would represent the interest rate at which the dollar could 
be invested rather than the inflation rate. Assuming an interest rate of 4% 
(0.04), the NPV would be calculated as follows:

NPV
Cash flow=

+
=

+
=

( ) ( . )
$ .

1
1

1 0 04
0 961541i n

Figure 7.2 Time value of money

The value of a dollar of cash flow decreases the farther into the future the cash flow is received, 
particularly in an inflationary environment.
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So if you had $0.96154 today and could invest it at an interest rate 
of 4%, the value of the investment at the end of 1 year would be 1 dol-
lar. This calculation can easily be set up manually in a spreadsheet such 
as Excel. Excel will also calculate NPV by entering @NPV(rate, year1, 
year2, . . .) in a cell.

Consider a large gas turbine with an initial cost of $800,000 and a 
useful life of 5 years. It is estimated that the turbine will incur fuel, oper-
ating, and maintenance costs of approximately $75,000 per year and have 
a salvage value at the end of its useful life of approximately $100,000. 
The inflation rate is expected to be 3% during the life of the turbine. The 
annual cash flows would be as follows:

Year Cash flow ($)
0 −800,000

1 −75,000

2 −75,000

3 −75,000

4 −75,000

5             −75,000 + 100,000 = 25,000

The NPV of the 5-year stream of cash flows is calculated as the 
following:

=
−

+
+

−
+

+
−
+

+
−
+

+
−
+

+
+

= −

NPV
800,000

(1 0.03)
75,000

(1 0.03)
75,000

(1 0.03)
75,000

(1 0.03)
75,000

(1 0.03)
25,000

(1 0.03)
NPV $1,026,424

0 1 2 3 4 5

The NPV of this turbine can be compared with the NPV of alterna-
tive turbines and, assuming all other things are equal, the decision would 
be made to purchase the turbine with the lowest negative NPV—that is, 
the NPV that is closest to zero. Consider an alternative brand of turbine 
with a lower purchase price of $750,000, an equivalent service life, and a 
salvage value of $70,000, but that has annual operating costs of $100,000 
per year because it is less fuel efficient and requires more frequent main-
tenance. The NPV of this turbine is –$1,114,163. So the lower priced 
turbine is not the best selection based on NPV.





CHAPTER 8

Probabilistic Cost Models
All models are wrong, some are useful.

—George Box, famous statistician

The previous chapters discussed deterministic cost models. Deterministic 
models use point estimates of the parameters of the model. This is appro-
priate when the estimates of cost, time, profit, and other parameters can 
be made with a high degree of accuracy and the environment in which 
the decision will be made is known. In this chapter, we will discuss proba-
bilistic (sometimes referred to as stochastic) cost models. In probabilistic 
modeling, we use probabilities to reflect the random variation that might 
be expected in the parameters of the model and the nature of the decision 
environment. The outputs of a probabilistic model are expected values, 
which are approximations of the true values or simulated values based on 
the parameters of the model.

We will begin this chapter with a brief discussion of decision theory. 
Then we will discuss three different types of probabilistic or stochastic 
models: expected value using decision tables, expected value using deci-
sion trees, and computer simulation.

Decision Environments

Decision theory defines three environments in which business decisions 
are made:

•	 Certainty
•	 Uncertainty
•	 Risk
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The Decision Environment of Certainty

Few things in life are certain; among those often cited as certain are death 
and taxes. However, business decisions are often made in situations where 
the key variables are known with certainty. For example, certain decisions 
depend exclusively on outcomes of key events. Among these could be the 
granting of FDA approval for a new drug product. Once the FDA ap-
proval is obtained, that is now known with certainty and decisions can be 
made based on that certainty.

There are other situations where decisions are made where we behave 
as if there is an environment of certainty. Decisions about internal pro-
cess improvements are often based on cost data that are known. In these 
cases, decision makers consider only the key variables that are known 
with certainty. It is not that we ignore other important variables when we 
use deterministic models such as net present value (NPV) analysis. It is 
just that this model exclusively examines the stream of cash flows that we 
consider to be certain. Other potentially important factors are evaluated 
outside this model.

In the decision environment of certainty, cost models are used to eval-
uate the alternatives being considered. As illustrated in Example 8.1 the 
alternative with the most favorable outcome is considered to be the best. 
We were operating in an environment of certainty when we illustrated the 
use of internal cost models in earlier chapters. When we illustrated the use 
of total cost of ownership (TCO) models, we selected the alternative with 
the lowest TCO as being the best. Likewise, when we illustrated the use of 
breakeven models, the alternative with the lowest breakeven point (BEP) 
was considered to be the best. However, as we have cautioned throughout 
the book, the result of analysis using cost modeling should be considered 
as just one component of the decision making process. Cost model results 
should be considered as a single input to the decision making process. 
All inputs considered together should guide the decision about which 
alternative is best.

A good decision is based on knowledge and not on numbers.
—Plato

_______________________________
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The Decision Environment of Uncertainty

In the decision environment of uncertainty, the existence of environmen-
tal factors that cannot be controlled but may affect the outcome of the 
decision being considered is acknowledged and incorporated into the 
model. In the decision environment of uncertainty, there is insufficient 
information available to assess the relative probabilities of these environ-
mental factors occurring. Therefore, all possibilities are considered to be 
equally likely. An example would be a drug undergoing evaluation by the 
FDA. If one assumes the odds of approval are 50:50, then we are operat-
ing in a decision environment of uncertainty. The decision alternatives 
and the possible states of nature along with the associated payoffs may be 
entered into a decision table as shown in Table 8.1. This table shows the 
gross profits (in thousands of dollars) that will result from various retail 

Example 8.1. Decision Making in Decision 
Environment of Certainty

A start-up organization is considering a decision about alternative ways 
to produce their new product. They have determined that breakeven 
analysis is a key input to the decision. They have identified three possi-
ble approaches to increasing capacity and calculated the BEP for each:

Decision Alternative Breakeven Point, Units
A. Use contract manufacturing 103,250

B. Produce in-house with manual process  74,336

C.  Produce in-house with automated 
process

153,587

Based on this analysis, Alternative B is the best choice based on BEP. 
This information will be integrated into the decision making process 
along with other factors such as degree of control of quality, lead times, 
flexibility, ease of capacity increase, risk of loss of intellectual property, 
and others before a final decision is made.

_______________________________
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inventory levels (decision alternatives), given the possibility of three dif-
ferent demand levels (states of nature), which are equally likely to occur.

The table shows that if we know with certainty that low sales volume 
will occur, the right decision is to maintain the current level of inventory 
yielding a profit of $9,000. If either moderate or high demand occurs, the 
current inventory level will not be sufficient to satisfy the extra demand 
and profit will not increase with increased demand. Note that as designed, 
the decision table does not directly reflect the opportunity cost associated 
with the sales lost due to inadequate inventory.

The table also shows that if we know with certainty that moderate 
sales volume will occur, the right decision is to increase the current inven-
tory level by 20% yielding a profit of $12,000. If low demand occurs, we 
will be forced to sell the excess inventory below cost, resulting in reduced 
profits (i.e. making a profit of $6,000 instead of $12,000). If high demand 
occurs, the 20% increase in inventory level will not be sufficient to satisfy 
the extra demand and profit will remain at $12,000.

And if we know with certainty that high sales volume will occur, the 
right decision is to increase the current inventory level by 50% yielding 
a profit of $20,000. If either low or moderate demand occurs, we will 
be forced to sell the excess inventory below cost resulting in reduced 
profits.

Looking at the decision table, one can see that the best payoff for 
maintaining the current inventory level is $9,000, for increasing inven-
tory by 20% is $12,000, and for increasing inventory levels by 50% is 
$20,000. The most favorable best payoff is $20,000. Similarly, the worst 
payoff for maintaining the current level of inventory is $9,000, for 
increasing inventory by 20% is $6,000, and for increasing inventory by 
50% is $2,000, with the most favorable worst payoff being $9,000. Note 

Table 8.1 Decision Table

Inventory Level Low demand Moderate demand High demand
Current level 9  9  9

Current + 20% 6 12 12

Current + 50% 2  6 20

Payoffs are in thousands of dollars.
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that the outcomes in this example are profits, so the bigger the better. 
When the payoffs are costs, smaller is better.

Analyzing the Decision Table

To analyze the decision table in a decision environment of uncertainty, 
one of several possible decision rules is used to determine the best alterna-
tive. Among the possible decision rules are:

Maximax is an optimistic, risk-tolerant approach, which identifies the 
best payoffs for each decision alternative. The alternative with the most 
favorable best payoff is considered to be the best decision alternative.

Maximin is a conservative, risk-averse approach, which identifies the 
worst payoffs for each decision alternative. The alternative with the most 
favorable worst payoff is considered to be the best decision alternative.1

Insufficient Reason, sometimes referred to as Laplace, is a risk-
neutral approach, which identifies the average payoff, or expected value, 
associated with each decision alternative. This approach is analogous to 
considering what the average payoff would be if one could make exactly 
the same decision in exactly the same environment multiple times. Of 
course, this is impossible. Therefore, the calculated expected value (EV) is 
not the expected payoff of selecting a particular decision alternative once, 
but is a way of ranking the alternatives for decision making purposes. The 
alternative with the highest EV (average payoff) is considered to be the 
best. Example 8.2 illustrates the use of these decision rules in analyzing a 
problem in the decision environment of uncertainty.

It is important to note that decision makers should determine their 
organization’s attitude toward risk and select the decision rule that is con-
sistent with that attitude toward risk. Analysts should not apply all of the 
decision rules without regard for their risk tolerance with a “best two out 
of three wins” attitude. There is a single decision rule that best models the 
decision maker’s organization’s risk tolerance, and that is the one to use. 
Risk tolerance may vary within an organization depending upon the type 
of decision being made or the nature of the business unit. For example, 
some organizations may be more risk-tolerant for decisions involving 
their upstream supply chain than for those involving their downstream 
supply chain.When the decision is to be made by a group rather than an 
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individual, it is important to obtain consensus about which decision rule 
is most appropriate. This has been the subject of some research. For more 
information, see Beatty (1989).

______________________________

Example 8.2. Decision Making Under Uncertainty

A manufacturer produces subassemblies for a commercial client that 
is the firm’s major customer. The firm is approaching its capacity lim-
its and is considering three alternatives for increasing capacity. They 
consider that there are three different rates of growth in demand for 
their product (states of nature) that should be considered when mak-
ing the decision: low growth, moderate growth, and high growth. If 
the customer could provide accurate forecasts of their future demand 
for the subassemblies, the decision environment would be that of cer-
tainty. In this case, the customer can provide only vague insight into 
what their future demand will be, so we are in a decision environment 
of uncertainty. Table 8.2 shows the estimated profit the manufacturer 
determined for each possibility.

Table 8.2 Decision Table Profit

Low growth Moderate growth High growth
Work Overtime    15   6    2

Add Workers     4 12 16

Automate 210   4 25

Payoffs are in thousands of dollars.

The following illustrates the use of the three decision rules dis-
cussed previously. Note that in reality, the decision maker would not 
use all three rules. She would select the rule that best represents her 
attitude toward risk and base her decision about which is the best al-
ternative on the results of that single rule. We use all three decision 
rules in this example simply to illustrate how each would be applied.

Maximax

The best profit for Working Overtime is 15 (the other possible 
payoffs being 6 and 2).
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The best profit for Adding Workers is 16 (the other possible payoffs 
being 4 and 12).

The best profit for Automating is 25 (the other possible payoffs 
being −10 and 4).

Therefore, the best alternative using the maximax approach is to Au-
tomate. This is the most risky as well as the most potentially profitable 
alternative. If, subsequent to making the decision, demand growth is high, 
we reap the rewards of having made the decision that results in the highest 
possible profit. However, if low growth occurs, we must deal with hav-
ing made a decision that has a negative profit—the worst possible payoff. 
Maximax is the appropriate decision rule for risk-tolerant organizations.

Maximin

The worst profit for Working Overtime is 2 (the other possible 
payoffs being 15 and 6)

The worst profit for Adding Workers is 4 (the other possible pay-
offs being 12 and 16).

The worst profit for Automating is −10 (the other possible payoffs 
being 4 and 25).

Therefore, the best alternative using the maximin approach is to 
Add Workers. This is the least risky alternative—the worst that can 
happen is that we obtain an profit of 4%. However, by selecting this 
alternative, we forgo the opportunity to earn a profit of 25. Maximin 
is the appropriate decision rule for risk-averse organizations

Insufficient Reason

To apply the insufficient reason or Laplace decision rule, we would 
calculate the EV for each decision alternative by taking the arithmetic 
average of the payoffs:
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Therefore, the best alternative using the insufficient reason ap-
proach is to Add Workers. Recognize that if we elect to add workers, 
we do not expect a $10,670 profit.  The profit we will actually obtain 
will be $4,000, $12,000, or $16,000 depending upon what the actual 
growth rate is. Insufficient reason is the appropriate decision rule for 
risk-neutral organizations.

Note that if our customer sends us a long-term agreement to sup-
ply subassemblies that reflects, for example, a high growth environ-
ment, we are no longer in the decision environment of uncertainty. 
We are now in the decision environment of certainty with a high 
confidence that the future rate of growth will be high, and we would 
select the decision alternative with the best profit in the high growth 
environment—Automate.

____________________________

The Decision Environment of Risk

The decision environment of risk differs from that of uncertainty in that 
we now have sufficient information to assess the probabilities of the dif-
ferent possible states of the environmental factors which may affect the 
outcome of the decision. Since these probabilities most often are unequal, 
we calculate an EV using the probabilities as weights and, as before, the 
decision alternative with the best EV is considered to be the best.

We can use the data in Table 8.2 and add the probabilities for each 
state of nature, shown in Table 8.3, to illustrate how to calculate the 
probability-weighted EV. Assume that the probability for Low Growth 
is estimated to be 0.2, for Moderate Growth to be 0.5, and for High 
Growth to be 0.3.2

Table 8.3 Decision Table Profit

Low growth Moderate growth High growth

Prob. = 0.2 Prob. = 0.5 Prob. = 0.3
Work Overtime    15   6   2

Add Workers     4  12 16

Automate −10   4 25

Payoffs are in thousands of dollars.
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To calculate the EV for each decision alternative, multiply the payoff 
for each state of nature by the probability that state of nature will occur as 
shown and sum them as follows.

 Working Overtime EV = (0.2 × 15) + (0.5 × 6) + (0.3 × 2) = 6.60

 Adding Workers EV = (0.2 × 4) + (0.5 × 12) + (0.3 × 16) = 11.60

 Automating EV = (0.2 × −10) + (0.5 × 4) + (0.3 × 25) = 7.50

Therefore, the best alternative is to Add Workers. Recognize that if 
we elect to add workers, we do not expect to achieve an actual profit of 
$11,600.  The profit we will actually obtain will be $4,000, $12,000, or 
$16,000 depending upon what the actual growth rate turns out to be.

Sensitivity Analysis

When the EVs of two or more alternatives are close (a subjective assess-
ment), one might question whether the input data (payoffs and prob-
abilities) are sufficiently accurate to enable discrimination between the 
EVs. In this case, a sensitivity analysis is called for. While there are various 
quantitative approaches to sensitivity analysis such as bootstrapping, we 
recommend you consider the following:

 1. Experiment with the model to see how much the probabilities and 
payoffs can be allowed to change without affecting the decision al-
ternative that is best.

 2. Ask the source of the probability and payoff estimates how confident 
they are in the estimates they provided. The less confident they are in 
their estimates, the less confident you are in small differences among 
EVs being significant.

 3. Ask the source of the probability and payoff values used in the deci-
sion table for an estimate in time and dollars for obtaining more 
accurate estimates.

Expected Value of Perfect Information

The expected value of perfect information (EVPI) is the value to you of 
replacing your current estimates of probabilities and payoffs with exact 
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values. While recognizing that exact values will rarely be able to be ob-
tained, one can consider the EVPI as being the upper budget limit for 
obtaining more accurate estimates of payoffs and probabilities [Step 3 
above].

Mathematically, EVPI is calculated as the EV under certainty minus 
the EV under risk, which is the maximum EV. To show how this is calcu-
lated, we will use the data from Table 8.3.

First we compute the expected value under certainty (EVC) by mul-
tiplying the best payoff for each state of nature by the probability of that 
state of nature occurring:

Low growth EVC = 15 × 0.2 = $3.0

Moderate growth EVC = 12 × 0.5 = $6.0

High growth EVC = 25 × 0.3 = $7.5

The sum of these EVC s is $16.5, which is the EV under certainty.
Next we determine the maximum EV, which is $11.6 associated with 

the alternative of adding workers.
Finally we calculate the EVPI by subtracting the maximum EV from 

the EV under certainty.

EVPI = $16.5 − $11.6 = $4.9

Since the payoffs are in thousands of dollars, this can be interpreted as 
$4,900 being the maximum amount the analyst would be willing to pay 
for perfect information. Therefore, if during the sensitivity analysis, the 
analyst is told that obtaining more perfect information approaches the 
EVPI of $4,900, she would be unwilling to fund that effort and would 
make the decision based upon the information already at hand. If, on 
the other hand, more perfect information can be obtained for a fraction 
of the EVPI, the analyst would be more willing to fund that effort, time 
permitting. It is only on rare occasions that perfect information can be 
obtained. In most cases, the best that can be hoped for is more accurate 
information, so judgment is required when deciding how much more 
perfect the information will be that can be obtained for a certain price.
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Decision Tree Models

A decision tree is a graphical approach to analyzing decisions in the deci-
sion environment of risk and, as in the example given previously, uses EV 
as the basis of analysis. A decision tree more easily allows for contingent 
decisions to be incorporated into the model than does the decision table. 
Another advantage of a decision tree is that its graphic nature increases 
understanding and makes it ideally suited for incorporation into presen-
tations. Psychologists tell us that unconscious influences affect rational 
decision making.3 Decision trees with their graphical depiction of the 
rational thought process underlying the decision recommendation, helps 
to overcome any preconceptions and biases that might lurk in the uncon-
scious minds of decision makers.

Decision trees are constructed using two types of nodes as shown in 
Figure 8.1: decision nodes, which are usually square, and chance nodes, 
which are usually round. Branches of the tree coming out of a deci-
sion node represent decision alternatives that connect to a chance node. 
Branches coming out of a chance node represent alternative states of 
 nature which might occur.

Construction of the tree moves from left to right beginning with a square 
node representing the initial decision. A branch representing each decision 
alternative emanates from the decision node and each branch terminates at a 
chance node from which emanate lines representing the possible states of na-
ture. At the end of these lines are the payoffs for each combination of decision 
alternative (A) and state of nature (SN) as shown in Figure 8.2.

To determine the preferred decision alternative, the EV for each deci-
sion alternative is calculated. This is done by multiplying the payoff for each 
branch emanating from a decision node by the probability of that state of 
nature occurring and adding them together as shown in Example 8.3.

__________________________________

DecisionNode

Chance Node

Figure 8.1 Decision tree nodes
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A1

A2

SN1

SN1

SN2

SN2

Payoff A1; SN1

Payoff A1; SN2

Payoff A2; SN1

Payoff A2; SN2

Figure 8.2 Construction of a basic decision tree

Example 8.3. Calculating the EV for Each Decision 
Alternative in a Basic Decision Tree

Payoff = $140,000

Payoff = $50,000

Payoff = $200,000

Payoff = –$10,000 

A1

A2

SN1 0.40

SN2 0.60

SN1 0.40

SN2 0.60

= ×
+ × =

= ×
+ × − =

EV for decision alternative A (0.40 $140,000)
(0.60 $50,000) $86,000

EV for decision alternative A (0.40 $200,000)
(0.60 $10,000) $74,000

1

2

= ×
+ × =

= ×
+ × − =

EV for decision alternative A (0.40 $140,000)
(0.60 $50,000) $86,000

EV for decision alternative A (0.40 $200,000)
(0.60 $10,000) $74,000

1

2

= ×
+ × =

= ×
+ × − =

EV for decision alternative A (0.40 $140,000)
(0.60 $50,000) $86,000

EV for decision alternative A (0.40 $200,000)
(0.60 $10,000) $74,000

1

2

Based on the EVs, decision alternative A1 would be preferred.
_______________________________

Additional decisions can be added to one or more branches ema-
nating from a chance node. These represent contingency plans. Figure 
8.3 shows one such secondary decision. This may be interpreted as 
follows: If we select decision alternative A2 and state of nature SN2 
occurs, we would not simply accept the payoff, which in Example 8.3 
represents a loss of $10,000.4 Instead, we would consider another deci-
sion as shown in Figure 8.3.
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Payoff = $140,000

Payoff = $50,000
Payoff = $200,000

Payoff = –$10,000 

Payoff = $50,000

A1

A2,1

A2,2

A2

SN1 0.40

SN1 0.40

SN2 0.60

SN2 0.60

Figure 8.3 Construction of a decision tree with secondary decision

When the payoffs for the secondary decision are calculated, one 
may be better than the others. In Figure 8.3, the double line across 
branch A2,1 indicates that is not the favored alternative. This may be in-
terpreted as follows: If we select A2 and SN2 occurs, we would consider 
a secondary decision. Because the payoff for A2,1 is less favorable than 
that for A2,2, we will select A2,2. In essence, we have preprogrammed 
the second decision, given that the first decision is A2 and is wrong. 
This process is illustrated in Example 8.4.

___________________________________

Example 8.4. Calculating the EV for a Decision  
Tree with a Secondary Decision

Selecting alternative A2 in Example 8.3 results in a negative pay-
off (i.e., a loss) if state of nature SN2 occurs. The decision maker 
determines that will occur only if the organization does noth-
ing (Alternative A2,1). However, instead of doing nothing, there is 
another decision (alternative A2,2) that could be made which would 
result in a payoff of $50,000. The double lines across the Alternative 
A2,1 branch indicates this alternative will not be selected if the first 
decision is alternative A2 and state of nature SN2 occurs. In effect we 
have preprogrammed making decision A2,2 if we initially select A2 
and SN2 occurs.
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Payoff = $140,000

Payoff = $50,000

Payoff = $200,000
Payoff = –$10,000

Payoff = $50,000 

A1

A2,1

A2,2

A2

SN1 0.40

SN1 0.40

SN2 0.60

SN2 0.60

EV for decision alternative A (0.40 $140,000) (0.60 $50,01 = × + × 000) 
 $86,000
EV for decision alternative A (0.40 $200,002

=
= × 00)+(0.60 $50,000) 

     $110,000
×

=

Based on the EVs, decision alternative A2 would be preferred.
_________________________

Example 8.5. Using a Decision Tree

State University is considering different approaches to reducing the 
cost associated with improved approaches to providing information 
technology support to the campus. Four decision alternatives have 
been identified. The quality of the decision hinges on the rate of 
growth in students, faculty, and staff over the next 5 years. Through an 
examination of historical trends, changes in population demograph-
ics in their region, and other data, they have identified three possible 
states of nature and estimated a probability for each. They deter-
mined estimates of the cost savings for each decision alternative and 
state of nature combination. All were positive except for Alternative 
B when low growth occurred. The cost savings for that combination 
was −$5,000. Unwilling to accept a negative cost savings (i.e., a cost 
increase), the project team determined that if low growth occurred, 
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there would be sufficient capacity on the new servers to lease to other 
educational institutions in the area. This second decision yields a cost 
savings of $100,000 compared with a cost savings of −$5,000 if they 
did nothing.

They then calculated the EVs for each initial decision alternative:

EV for decision alternative A (0.30 $1,125,000) (0.50 $705,000)
(0.2 $285,000) $747,000

EV for decision alternative B (0.30 $1,217,500) (0.50 $647,500)
(0.2 $77,500) $704,500

EV for decision alternative C (0.30 $1,315,000) (0.50 $655,000)
(0.2 $100,000) $726,000

EV for decision alternative D (0.30 $1,286,000) (0.50 $782,000)
(0.2 $278,000) $832,400

= × + ×
+ × =

= × + ×
+ × =

= × + ×
+ × =

= × + ×
+ × =

This evaluation of the completed decision tree showed that Alterna-
tive D would result in the best cost savings compared with the other 
three initial decision alternatives. After examining other factors, it was 
found that when everything was considered, Alternative C was actually 
the best option even though its cost savings was not the highest. As a 
result, they immediately began implementation of decision Alternative 
C and prepared a detailed contingency plan for leasing excess capacity 
on the servers should low growth occur.

The decision tree, shown subsequently, was also an integral part 
of their presentation to the university administration. Administra-
tors found the logic of the process easy to follow and understood 
the rationale behind the project team’s recommendation.
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The calculation of EVPI for a decision tree is the same as for calculat-
ing the EVPI for a decision table as shown in Example 8.6.

______________________________
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Decision tables and decision trees also find uses in risk management 
as well as in decision support. Because the possible states of nature and 
the probabilities of their occurrence, and the associated outcomes are ex-
plicit in these models, the risks associated with each decision alternative 

Example 8.6. Calculating the EVPI for a  
Decision Tree

The EVPI for a decision tree is calculated as EV under certainty minus 
the EV under risk.

Payoff = $140,000

Payoff = $50,000

Payoff = $200,000

Payoff = –$10,000 

Payoff = $40,000

A1

A2

A2,1

A2,2

SN1 0.40

SN1 0.40

SN2 0.60

SN2 0.60

First, we compute the expected value under certainty (EVC) by 
multiplying the best outcome for each state of nature by the probabil-
ity of that state of nature occurring:

 SN1 EVC = $200,000 × 0.40 = $80,000

 SN2 EVC =  $50,000 × 0.60 = $30,000

The sum of these EVCs is $110,000, which is the EV under 
certainty.

Next we determine the maximum EV which is $104,000 associ-
ated with alternative A1.

Finally we calculate the EVPI by subtracting the maximum EV 
from the EV under certainty.

EVPI = $110,000 − $104,000 = $6,000

This can be interpreted as $6,000, being the maximum amount the 
analyst would be willing to pay for perfect information.

____________________________
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under consideration are also explicit. Secondary decisions included in the 
models can be considered to be prior planning designed to mitigate risk. 
While risk management should go far beyond the use of decision tables 
and decision trees, they can be useful tools to use in the analysis of risk.5

Decision trees in conjunction with scenario planning can be a good 
combination for managers to use to plan for the future. Decision trees 
help clarify the possible states of nature the future may hold and their 
relative probabilities of occurrence, while scenario planning can assist in 
planning for the effects on the organization of the different states of na-
ture.6 Computer simulation modeling, the subject of the next section of 
this chapter, can be useful in experimenting with various possible actions 
organizations may take based on scenario plans. Computer simulation, 
along with optimizing and scenario modeling are considered by some to 
be “the highest rung on the analytics maturity ladder.”7

Computer Simulation Modeling

APICS defines simulation as a “technique of using representative or ar-
tificial data to reproduce in a model various conditions that are likely to 
occur in the actual performance of a system. It is frequently used to test 
the behavior of a system under different operating policies.”8 Simulation 
enables the creation of a simplified model of a real process and allows the 
conduct of experiments with the parameters of that process that often are 
not possible with the real process. While simulation can be a good cost 
modeling tool, it has both advantages and disadvantages:

Advantages:

•	 The	model	is	simpler	than	the	real	process	and	usually	is	
designed to model only the parameters of interest.

•	 Time	can	be	compressed.	A	year	may	be	simulated	in	mere	
seconds or minutes.

•	 Experiments	can	be	conducted	in	highly	controlled	
conditions. Identical customer or product flow can be used 
for multiple experiments or different flows can be used for 
multiple repetitions at the discretion of the analyst.
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•	 Experiments	that	would	be	too	disruptive	or	expensive	to	
conduct on the real process can be done with simulation.

•	 With	modern	software	products,	simulation	is	relatively	
simple to use.

Disadvantages:

•	 Being	simpler	than	the	real	process	can	also	be	a	disadvantage	to	
simulation models. The analyst must take care to include all of 
the parameters of importance to the experiments when designing 
the model. Experiments conducted with models that are overly 
simple may not provide results necessary to guide decision 
making. Models that are too complex can be very expensive to 
construct and the output may be more difficult to interpret.

•	 Collecting	the	data	required	to	construct	and	validate	a	
simulation model can be time-consuming and expensive.

•	 Simulation	models	provide	output	that	characterizes	the	
behavior of the process during each experiment. It is up to the 
analyst to properly interpret the output. Optimal solutions 
are not provided by simulation models; however, by running 
multiple experiments, the analyst can select the one with the 
most favorable output.

The behavior of many process variables is probabilistic in nature. 
Collecting and analyzing data collected from the process enables these 
probabilistic elements to be quantified for use in simulation models. To 
illustrate this concept consider a very simple process—a coin flip. Col-
lection of 100 flips reveals that there are two possible outcomes, heads 
and tails, each of which occur randomly and with approximately equal 
frequencies. This process could be simulated using a program which ran-
domly generates either a 1 (head) or a 0 (tail) with equal frequency. Be-
cause an individual random event is equally likely to be either a 1 or a 
0, a string of 100 events generated by the program is very unlikely to 
exhibit the same sequencing pattern of the real process. However, over 
a sufficiently long pattern, the relative frequencies of heads (1) and tails 
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(0) should match up pretty well. Once the program has been validated, it 
can be used to simulate the results of 10,000,000 coin flips in a matter of 
a few seconds. Conducting the same experiment using a real coin would 
take 5,556 hours if you can manage a flip every 2 seconds.

In this example, we use the computer to sample a specified distribu-
tion (in this case a binomial distribution) and the result of that sampling 
(in this case either a 1 or a 0) represents an outcome (either a head or a 
tail) in the real process. This process is sometimes referred to as Monte 
Carlo simulation since chance (or probability) is involved in both gam-
bling and this type of simulation.

In more complex simulations, customer interarrival times (e.g., num-
ber of arrivals per hour) might fit a Poisson distribution while process 
time (minutes per unit) might fit an exponential distribution. It is up to 
the analyst to appropriately analyze the data and determine what type of 
distribution provides the best fit.

Sometimes data do not seem to fit any standard distribution. In this 
case, the analyst will need to substitute an empirical distribution based on 
the data collected for the simulation.

General Process for Constructing and Using a Simulation Model

 1. Define the problem or opportunity you plan to investigate with the 
model.

 2. Analyze the process flow in order to assist in determining which pa-
rameters to include and which to exclude from the model. If, for 
example, the problem being addressed is machine breakdown and 
repair, it may not be necessary to include in the simulation model a 
parameter such as rate of production of defective products.

 3. Collect and analyze the data to be used to construct the model.
 4. Construct the model using the data collected in step 3.
 5. Validate the model. Run the model as initially configured and com-

pare the experimental output with the actual output of the process. 
How well does the performance of the initial model match the per-
formance of the actual process?

 6. Define the experiment(s) necessary to answer the questions posed.
 7. Run the experiments.
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 8. Evaluate the output to determine whether it is sufficient to answer 
all relevant questions. If not, define and run additional experiments.

 9. Analyze and format the results of the experiments to use as input to 
the decision making process.

To illustrate the process, we will begin with a very simple simulation 
model. The model was created to evaluate the process of receiving and 
unloading trucks at a small distribution company. Figure 8.4 illustrates a 
schematic of the process.

Figure 8.5 illustrates how the process model looks when created in a 
commercially available simulation modeling software program.

The Start node generates simulated full trucks arriving at the distribu-
tion center according to the specified distribution. These trucks enter a 
queue which is part of the Process (or Transaction) node while waiting to 
unload. (Note: in some simulation software packages, queues are separate 
nodes in the model.) The Process node simulates the unloading of the 
truck according to the specified distribution. The simulated empty truck 
then exits the Process node and enters the End node. Output statistics are 

Truck Arrives Unload Truck
Empty Truck Departs

Figure 8.5 Simulation model

Source: Created using SimCad Pro Lite.

Figure 8.4 Process schematic
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collected as specified by the analyst. Statistics of interest might include 
average queue length, average time trucks spend in the queue, average 
time trucks spend unloading, total time trucks spend in the system, and 
utilization of the unloading operation.

A simple experiment using this simulation would be to set the queue 
to unlimited size and run the simulation collecting average and maximum 
queue length output statistics. The analyst can compare these statistics 
to the actual space available to trucks awaiting unloading. If the space 
is shown to be inadequate, a decision must be made perhaps involving 
expanding the space or improving the unloading process to decrease the 
time required to unload trucks and thus decrease the average queue length. 
Experiments can be conducted with the simulation model to ascertain the 
effects of proposed decisions on queue length.

____________________________

Example 8.7. Simulation Modeling at XYZ 
Manufacturing9

A small manufacturing organization saw the potential for 
improvement in their operations. They had studied lean  operations—
just-in-time (JIT) operations in particular—and thought they could 
benefit from these ideas. They decided to use simulation modeling to 
study the parameters of their main process and conduct experiments 
to determine the improvements in throughput that could be obtained 
by reducing rework, and decreasing unplanned maintenance break-
downs (increase mean time between failures [MTBF10]). They were 
also interested in decreasing the amount of work in progress (WIP) 
inventory that seemed to surround the production line in its present 
configuration. They believed that by investing in process improve-
ments to reduce process time variation, improving preventative 
maintenance to increase MTBF, and better process quality control 
to reduce the defect rate they could accomplish their improvement 
goals. They believed that by using simulation they could obtain an 
upper bound on a budget for the process improvements that would 
yield an acceptable ROI.
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The process engineer assigned to the job used the steps outlined 
earlier in this chapter to plan and execute the simulation.

 Step 1.  The problem to be addressed was excessive indirect 
operating costs. The opportunity to be pursued 
was to increase throughput while decreasing costs 
associated with the problems.

 Step 2.  The engineer identified the following process 
parameters to include in the simulation model: 
variation in processing time, defect rate, MTBF, 
and buffer size (i.e., WIP between workstations). 
The output measure was process throughput.

 Step 3.  The engineer spent a month collecting data for 
the parameters to be included in the model. He 
analyzed the data and determined the distributions 
that were the best fit.

 Step 4.  He next constructed the simulation model (at the 
next page).

 Step 5.  He set the model parameters to values that 
represent the current state of the process. He 
conducted a 2,000-hour simulation and compared 
the output measures to those typical of the process. 
The results were very similar, so he considered the 
simulation model to be valid.

 Step 6.  The engineer next defined three experiments to be 
run. Each experiment would examine successive 
decreases in process variation keeping the mean 
process time constant, successive increases in 
MTBF, and successive decreases in defect rates. The 
first experiment would represent the current state 
of the process. The other two experiments would 
represent improvements to the process.

 Step 7.  He made multiple runs for each experiment increasing 
the maximum buffer size allowed for each run. Each 
experiment was run for 2,000 simulated hours. 
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He constructed a graph of the throughput for each 
experiment as a function of buffer size.
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 Step 8.  He determined that the output data were sufficient 
to answer the relevant questions.

 Step 9.  Analysis of the data indicated that with the current 
settings (Run 1), the process throughput was 1,500 
units with an optimal buffer size of 15–20 units. 
Reducing process variation from 1.0 ± 0.25 to 
1.0 ± 0.15, increasing MTBF from 50 to 100, 
and decreasing the defect rate from 10% to 7% 
(Run 2) increased throughput to 1,650 with an 
optimal buffer size of 5–10 units. Further reducing 
process variation to 1.0 ± 0.5, increasing MTBF 
to 300, and decreasing the defect rate to 2% (Run 
3) increased throughput to 1,825 units with an 
optimal buffer size of 3–5 units.

The engineer had defined the specific projects necessary to make 
the improvements, which were simulated using the model and deter-
mined the approximate cost of the improvement programs. He used 



As Example 8.7 illustrates, it is not simulation that creates improve-
ments to processes. It is the insight into the processes and the information 
gained from the simulated experiments that help analysts determine the 
expected effects of changes in process parameters on process output mea-
sures. This information can be important in establishing the justification 
and expected ROI for the improvement projects that must be initiated in 
order to obtain improvements in the real process.

Conclusion

States of nature, decision rules, decision environments, payoff tables, de-
cision trees, simulation—it can seem that we are trying to make simple 
decision-making more complex. Nothing is further from the truth. The 
models discussed in this chapter provide the benefit of making explicit the 
factors that the decision maker considers to be important to the decision. 
Similarly, the random variation that might be expected in the parameters 
of the model and the nature of the decision environment are also explicit. 
Transparency is important to achieving consensus when a team rather than 
an individual is involved in the analysis and recommendation of a course 
of action. Transparency is also important when presenting the results of 
the analysis to decision makers. The models discussed in this chapter, par-
ticularly simulation models, lend themselves to experiments that can result 
in better decisions rather than relying on a single output alone. And help-
ing the reader make better decisions is what this book is all about.

the data collected from the simulation model to make his recommen-
dation to management about how they should proceed, and what ROI 
to expect from successful completion of the improvement projects.

_______________________________
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A man should look for what is, and not for what he thinks should be.
—Albert Einstein

The intent of this book is to educate the reader on the value of utilizing 
various cost modeling techniques to assist in quality decision making. The 
tools discussed in the book are by no means the only tools decision mak-
ers should utilize in formulating a quality decision, but their use provides 
a data-based viewpoint that is of great value. However, the modeler and 
decision makers must be careful to not have predisposed notions of what 
the data may show as that may detract from the ability to see where the 
analysis may lead.

Thomas Kuhn, of Harvard Business School fame, first introduced the 
following figure to illustrate a point that was re-emphasized by Stephen 
Covey in his book, The Seven Habits of Highly Successful People. What do 
you believe the picture is representing?

Epilogue
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Perhaps after some time staring you see that the picture is that of a 
young woman with her face turned to the right. Or maybe, you see an 
old woman with a shawl and something that appears to be a wart on her 
nose. Either way, what the image clearly illustrates is that different people 
see data in different ways. The same visual inputs were received by those 
who first saw one or the other images, and in most instances it takes some 
really intense looking for someone who saw one image first to realize the 
other image is also there.

When beginning a project to discern the best course of action for the 
company, analysts and decisions makers may have preconceived notions 
about what is the “right” solution before any analysis is conducted. That 
bias may indeed take the decision maker down a path intended to prove 
the theory as opposed to the necessity for the analyst being open to where 
the data takes you (i.e., maintaining objectivity).

Many of the world’s most successful discoveries were discovered ser-
endipitously through the researcher’s openness to understand different 
possibilities than originally intended. Penicillin, Post-it Notes, Silly Putty, 
Teflon, and many more products that were never intended to be discov-
ered or commercialized are the direct result of following alternative paths 
of value unforeseen, but which became possibilities worthy of exploration.

On a far smaller scale, you may have seen several examples in this text 
where an openness to follow the data’s path resulted in some very benefi-
cial results to the decision maker’s organization. It is not uncommon for 
more significant opportunities to be discovered while analyzing data for 
a completely different purpose. No matter what the analysis being con-
ducted, be open to serendipitous discovery that may lead to even greater 
value than the originally intended analysis.

A discovery is said to be an accident meeting a prepared mind.
—Albert Szent-Gyorgi
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Concluding Cost Modeling

Throughout this book we have discussed the construction and application 
of varying types of internal and external cost models. For cost modeling, 
there is never a one-size-fits-all model for any project, operation, good, or 
service. Rather it is incumbent upon the cost modeler to identify those 
components important and applicable for evaluation within his or her 
own organization in order to select the appropriate type of cost model. As 
stated throughout the chapters, the intention of cost models is to aid in 
quality decision making through the utilization of facts and to provide for 
scenario testing. The methodology for creating and utilizing these fact-
based tools in various applications should assist the reader with applying 
these to his or her own organization.





APPENDIX A

Data Sources for Cost 
Modeling

Almanac of Business & Industrial Financial Ratios. http://www.cchgroup.
com/webapp/wcs/stores/servlet/product_Almanac-of-Industrial-and-
Financial-Ratios_10151_-1_10053_04657400

Bureau of Economic Analysis. http://www.bea.gov/
Bureau of Transportation Statistics. http://www.rita.dot.gov/bts/home
Consumer Price Index. http://www.bls.gov/cpi
Department of Energy. http://energy.gov/
Dun & Bradstreet’s Industry Norms & Key Business Ratios. http://www 

.dnb.com/industry-norms-business-ratios-reports/14909181-1.html
EDGAR-Online. http://www.edgar-online.com/
Federal Motor Carrier Safety Administration. http://www.fmcsa.dot.gov/
Federal Reserve Board. http://www.federalreserve.gov/
Glassdoor. http://www.glassdoor.com/
IRS Publication 542 Corporations. http://www.irs.gov/pub/irs-pdf/

p542.pdf
IRS Tax Statistics. http://www.irs.gov/taxstats
NAICS Association. http://www.naics.com/search.htm
North America Industry Classification System (NAICS). http://www.

census.gov/eos/www/naics
Producer Price Index. http://www.bls.gov/ppi
RMA Annual Statement Studies. http://www.rmahq.org/RMA/

CreditRisk/DataDecisionSupportCenter/StatementStudies
Salary.com. http://www.salary.com/
U.S. Census Bureau Annual Survey of Manufacturers. http://www.census 

.gov/manufacturing/asm/index.html
U.S. Economic Census. http://www.census.gov/econ





APPENDIX B

Simulation Software Used to 
Illustrate Chapter 8

SimCad Pro Lite by CreatASoft, Inc.

•	 Full-featured	discrete	event	process	simulation	software.
•	 Easy	to	use	graphical	user	interface.
•	 Live	and	interactive	so	that	model	constraints	can	be	modified	

while the simulation is running.
•	 Real-time	visualization	with	animated	components.
•	 Easily	configurable	output	statistics.
•	 Home	Page:	http://www.createasoft.com/
•	 Request	a	Demo	at:	http://www.createasoft.com/

RequestADemo

SimCad Pro Lite Model Build Screen
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Chapter 6

 1.  Freedom of Information Act (FOIA) requests may be made to any U.S. 
governmental agency. Though not all requests are granted, this is another 
excellent manner to obtain more detailed information for cost modeling. 
Check the agency website first to ensure the information needed is not 
already published, and if not, to get detailed instructions on how and where 
to send the FOIA request.

Chapter 8

 1.  In a rather lame attempt at humor, we refer to this as the German sausage 
approach since we are seeking the best worst (wurst).

 2. Note that the probabilities must sum to 1.0. A probability of 0.2 is some-
times referred to as 20%.

 3. Bargh, J. (2014). “Our Unconscious Mind.” Scientific American 310(1),  
pp. 30–37.

 4. The second decision can be considered to be a contingency plan to improve 
upon the result if that particular state of nature occurred given that decision 
alternative had been selected.

 5. For more information on risk management, see ISO 31000, IEC 3110, and 
ISO Guide 73.

 6. For a discussion of scenario planning, see Deshals, A. (2014). “How Can 
You Prepare for What You Don’t Know?” Inside Supply Management 25(7), 
pp. 32–33.

 7. Ericson, C., & S. Sifleet.(2014) “A Path to Acquiring Analytical Talent.” 
Inside Supply Management 25(8), p. 25.

 8. Blackstone, J. (ed.). (2008). APICS Dictionary. 12th ed.
 9. Sower, V.E. et al. (1993), International Journal of Management and Systems.
 10. MTBF is defined in the APICS Dictionary as “The average time inter-

val between failures for repairable product for a defined unit of measure  
(e.g., operating hours, cycles, miles).”
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